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vi 

presenting them in connection with any new experiments of 
which intelligence might be received while the sheets were 
passing through the press. 

Mr Branded Pharmacy not having been i received till this 
work was nearly ready for publication, the compiler was able 
to avail himself of but a few of the statements contained in that 
valuable treatise. 

To the gentlemen who have aided the compiler by their ad- 
vice and assistance, especially Professors Silliman and Cleave- 
land, and Samuel Moore, Esq. Director of the United States 
Mint, he begs leave thus publicly to express his obligations. 

Cambridge , June, 1826 . 


NOTE. 


The letter D refers to Davy's Elements of Chemical Philosophy. 

H 44 Henry’s 44 Chemistry. 

U 44 Ure’s Dictionary of Chemistry » 

M 44 Murray’s System of do. 

T 44 Thomson’s do. do. and Attempt to establish the 

first Principles of Chemistry by Experiment. 
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EXPLANATION OF PLATES VIII. AND IX. 


Plate VIII is a ground plan of the Chemical Laboratory 
and Lecture Room in Harvard College. 

A I* a part appropriated to the audience, a entrance. 

B It the body of the laboratory, b lecture table containing c c cittern* for 
gate* fora i >be d with stop-cocks projecting through the covers, which can be 
removed when large jars are to be filled. To the stop-cocks flexible tubes 
may be connected to form the oxy-hydrogen blow-pipe, the tubes communi- 
cating with a jet formed of two cones, see section (fig. 16, pi. 9.) d, pneu- 
matic table, (fig. 73, pi. 3.) e, furnace stove. /, mercurial cistern, (pi. 3, 
fig. 76 ) g y Table with electrical machine. A, Table with air pump. 1 1 1 i, 
Cate* for apparatus. A, Large Calorimotor. Z, Deflagrator. m, Small uni- 
versal furnace. 

C Table with drawers in the form of a double cross, for the general uses of 
the laboratory. 

D Table with vice, anvils, mortars, files, &o. 

E Table with balances in glazed cates. 

F Smaller table. 

G Sink, pump, bottle racks, &c. 

1, Sand bath. 2. a furnace for the production of oxygen and other gases. 
3, Wind furnace with air flues (13) under the floor of the laboratory. See Sec- 
tion (pi. 9, fig. 2). 4, Assay furnace. 5, Forge. 6, A copper boiler, (plate 
ir. fig 97,) &c. 7, Refrigeratory. 8, Anvil. 9, Universal furnace, (fig. 3, pi. 
9). 10, Copper gasometer, from which tubes pass into tbe lecture room. 11, 
Gas holders. 12, Racks, with test tubes, &c. (see figs. 17 and 18, pi. 9.) 14, 
Large Mortar. 15. Door communicating with the lecture room. 

Plate IX exhibits sections of the furnaces , and views of 
several useful parts of the apparatus not described in the 
body of the work . 

Fig. I is a section of the sand furnace, 1 PI. 8. 

2 is a ditto of the wind ditto, 3 PI. 8. a is a flue communicating with 
(he exterior of the building for the admission of cold air to the fire place, b 
the ash-pit. c a plate of iron to direct the current of air through the grate d. 
i a moveable cover, f the chimney. 

3 Knight's improved Black's portable furnace, a iron kettle to contain 
sand, which fit* into the opening at the top of the furnace, b a cover, t 
aperture to wflich there is a corresponding one on the opposite side for the 
admission of a tube to pass through the furnace. 

4 A cupelling or enamelling furnace, a the ash-pit. c the grate, d the 
muffle. e the opening for iutroducing the muffle. / tbe chimney, g tbe 
cover. 

5 A portable furnace of earthen ware which may be placed on a table. 
Tbe«e furnaces are manufactured by Mr Miller, of Philadelphia, and are con- 
venient for many purposes. 
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6 A filtering bag. 7, 8 and 9 Evaporating basins. 

10 A platinum crucible and cover. 1 1 Skittle shaped crucible. 12 Cov- 
ered do. 13 An iron ring covered with cloth for supporting retorts. 

14 A small Calorimotor for exploding gases by the ignition of a fine platinum 
wire, in the glass vessel fig. 15. The vessel having been filled with the 
mixed gases, bj means of the air pump, is placed upon the cross bar of the 
Calorimotor and the thick wires a a, which are connected by the fine 
platinum wire b, are brought in contact with the poles of the calorimotor 
by means of the screws a a, fig. 14. A copper vessel, coated within and 
without with cement, is represented beneath the plates of the instrument 
The contact being made, the copper vessel containing the liquor is raised 
until the plates are immersed, when the small wire b is instantly ignited. For a 
full account of this most convenient apparatus see Dr Hare's description in the 
American Journal of Scienoe, vol. x. 67. 

16 Jet for the oxy-bydrogen blow-pipe, formed of two cones, with an inter- 
vening space, a an internal screw communicating with the space between the 
cones ; b a similar screw communicating only with the inner cone. The gases- 
issue at the orifices e, and either gas may be made to surround the other. 

17 A filtering stand. 

18 A rack for test-glasses. 

19 A small anvil. 

20 Alcohol blow-pipe, a a spherical copper vessel furnished with a safety 
valve b; the alcohol being made to boil by the flame of the lamp e, its 
vapour passes out through the jet d, just above the wick of the lamp, which 
inflames it. 

21 is the muffle represented at d, fig. 4. 

22 Precipitating jars. 

23 Hessian crucibles. 

24 The principal varieties of tongs useful in the laboratory. 

25 A long funnel for introducing liquids into retorts without soiling their 
necks. 

26 An adopter for lengthening the necks of retorts. 

Fig. 27, is a vertical section of one of the cisterns within the lecture tab*® 
(c c of plate viii.) One half of each is covered so as to form an air-tight box, 
the partition, which divides the cistern and forms one side of the box, descend- 
ing to within two inches of the bottom, d, e are two air-cocks, one vertical, 
the other horizontal. The air cocks being open the cistern is filled with water, 
they are then closed, and the cock at / opened which allows the water to 
escape till the lower edge of the partition is nearly uncovered ; the water re- 
maining within the box a. A tube c passes down the side of the cistern and 
along its bottom, turning up under the partition ; through this any gas may be 
introduced, which, rising, displaces the water in a, causing it to pass into the 
other part of the cistern b. When the gas is wanted for use it is only neces 
sary to open one of the air-cocks e, d, and the water in b falling expels the gas 
from a through it, where it may be received in air jars placed over the hori- 
zontal cock, or be allowed to pass into a tube screwed upon d. 
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ERRATA. 


Page 9, line 13, for sulphate, read sulphuret*. 

11, “ 10, “ “ fig. 48” read “53.” 

50, 44 59, “ 1824, “ 1814. 

53, 44 26, 44 b, 44 l. 

58, 44 16, insert the sign — before 40°. 

29, 44 12, for “effected” read “affected.” 

35, 44 15, “ “directly” read “inversely.” 

46, # for PI 1, read PI. 2. 

67, *9th line from bottom, insert after 44 was” 44 connected, while the 

substance itself was.” 

68, 22d line, for “ fig. 57” read “ 56.” I 

77. 12 “ insert “a” after “67.” 

77, 55 “ after “//” insert “ and 85.” 

79, 24 “ for “e” read “1.” 

88, in the second process for obtaining chlorine, insert after “ retort” 
“ and pour on them four ounces of sulphuric acid, which has been 
diluted previously with 4 ozs. of water and suffered to cool after 
dilution.” . « 

93, for “Chevenix” read “Chenevix.” 

104, for PI. 2, read PI. 4. 

104, Uth line from the bottom read “ 88 and 77, e.” 

104, 7th “ “ dele « See fig. 85.” 

105, line 9, dele “fig. 97.” 

110, 7th line from the bottom insert after “ 97” “a.” 

178, first line of note for fig. 110, read fig. 112. 

179, 3d line, for fig. Ill, read fig. 113. 

181, for fig. 112, read 114. 

181, « 113, “ 115. 

182, 114, “ 116. 

454, for chap. vi. read vii. 

561, in margin, for M caJculuus,” read “calculus.” 
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MANUAL OF CHEMISTRY. 


CHAPTER I. 

O? THE POWERS AND PROPERTIES OF MATTER, AND OF THE GEN- 
ERAL LAWS OF CHEMICAL CHANGES. 

1. It is the object of Chemistry to investigate all changes in object of 
the constitution of matter, whether effected by heat, mixture, Ch,mi,u 7- 
or other means.* 

Most of the substances belonging to our globe are constantly ' 
undergoing alterations in sensible qualities, and one variety 
of matter becomes as it were transmuted into another. Such 
changes, whether natural or artificial, whether slowly or rapidly 
performed, are called chemical; thus the gradual and almost 
imperceptible decay of the leaves and branches of a fallen 
tree exposed to the atmosphere, and the rapid combustion of 
wood in our fires, are both chemical operations. The object of 
chemical philosophy is to ascertain the causes of all phenomena 
of this kind, and to discover the laws by which they are gov- 
erned.t The ends of this branch of knowledge are the appli- 

* The word Ck omiMry Menu to be of Egyptian origin, and to have been originally equivalent to 
•ar phrase natural fkilooofky in its most extensive sense. In process of time it seems to have 
aeqaired a snore limited signification, and to have been confined to tko art of working mi tali. In 
Oa third oratory, we find it used in a much more limited sense, signifying the art of making gold 
•ad silver. Thoae who professed this art gradually assumed the form of a sect, under the name of 
Alchemists; a term which is supposed to be merely the word eAeosut, with the Arabian article al 
prefixed. The great object of the alchemists was to find out the means of converting the baser metals 

fold, and the grand instrument by which this was to ha effected was the philosopher's stone. 

T. I it. 

t Chemistry is the science which treats of tboee events and changes in natural bodies, which are not 
accompanied by sensible motions. T. i. 18. 

U is the object of Chemistry, to discover and explain the changes of composition that occur 
*Mf the integrant and constituent parts of different bodies. H. i. 13. 

C h e mi stry investigates those actions which are exerted between the minute particles of matter, at 
altogether imperceptible, causing them to pass into new arrangements and combinations, 

•beaee the prop erti es of the bodies acted on are changed, their constitution is subverted, and new 
■riUseti are formed. In conformity to these views the science may be defined, as that which in- 
¥ «tig»tes the combinations of matter and the agencies of those general powers whence these com- 
fattiaas are established and subverted. K. i. 1, 4. 
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cation of natural substances to new uses, for increasing the 
comforts and enjoyments of man, and the demonstration of the 
order, harmony, and intelligent design of the system of the 
earth. D. 1. i. 

2. The general range of Chemistry, is so extensive, and the 
individual cases requiring explanation, are so numerous, that 
arrangement is of the first consequence to its successful study ; 
and in the present state of our knowledge, it will be found 
most convenient to begin with the discussions relating to the 
general powers or properties of matter, and afterwards to 
proceed to the examination of individual substances, and to the 
phenomena which they offer when presented to each other 
under circumstances favourable to the exertion of their mutual 
chemical agencies, y 

3. The powers and properties of matter, connected with che- 
mical changes, may be considered under the heads of 

1. Attraction. 

2. Heat. 

.3. Electricity. 

, The foundations of chemical philosophy are observation, ex- 
periment, and analogy. By observation, facts are distinctly 
and minutely impressed on the mind. By analogy, similar facts 
are connected. By experiment, new facts are discovered ; and 
in the progression of knowledge, observation, guided by anal- 
ogy leads to experiment, and analogy confirmed by experiment, 
becomes scientific truth. D. 1, 2.* ^ 


Section I. Attraction . 

4. All bodies composing the material system of the uni- 
verse have a mutual tendency to approach each other, whatso- 
ever may be the distances at which they are placed. The ope- 
ration of this force extends to the remotest parts of (he plan- 
etary system, and is one of the causes that preserve the 
regularity of their orbits. The smaller bodies, also, that are 
under our more immediate observation, are influenced by the 


* To fire on instance — Whoever will consider the slender gTeen vegetaole filaments {crnyferva 
riwlarit) which in summer exist in almost all streams, lakes, or pools, under the different circum- 
stances of shade and sunshine, will discover globules of air upon the filaments exposed under water 
to the sun but no air on the filaments that are shaded. He will find that the effect is owiog to the 
presence of light This is an obeervationf but it gives no information respecting the nature of the 
air. Let a wine glass filled with water be inverted over the confervas, the air will collect in the 
upper part of the glass, and when the glass is filled with air, it may be closed by the hand ; placed in 
its usual position, and an inflamed taper introduced ioto it, the taper will burn with more brilliancy 
than in the atmosphere. This is an experiment. If the phenomena are reasoned upon and the ques- 
tion is put. whether all vegetables of this kind, in fresh or in salt water, do not produce such air under 
like circumstances, the inquirer is guided by analogy ; and when this is determined to be the case by 
new trials, a general ecientijic truth is established ; that all confervsB in the sunshine produce a 
species of air that supports flame in a soperior degree j which has boon shown to be the case by 
various minute investigations. D. 1. 2, 3. 
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same power, and fall to the earth’s surface, when not prevent* 
ed by the interference of other forces. From these facts the 
existence of a property has been inferred, which has been called 
attraction , or more specifically, the attraction of gravita- 
tion. Its nature is entirely unknown to us. H. 1,28. The 
attraction between these bodies takes place at sensible distances; 
it exists in all known forms of matter ; and it acts upon them 
directly as the mass, and inversely as the square of the distance. Paptick#0# 

5. From reviewing bodies in the aggregate, we may next tafal *° 
proceed to contemplate them as composed of minute particles. 

Of the nature of these particles we have no satisfactory evi- 
dence. In simple bodies the particles must be all of the same 
nature, or homogeneous . In compound bodies, we are to 
understand by the term particles , the smallest parts into which 
bodies can be resolved without decomposition. The word 
atom has of late been revived, to denote both these kinds of Atoms, 
particles ; and we may therefore, speak with propriety of sim- 
ple atoms and of compound atoms . When two attfms of 
different kinds unite to form a third or compound atom, we 
may term the two first component atoms ; and if these have 
not been decomposed, they may be called elementary or pri- 
mary atoms . H. 1, 28. 

6. Attraction is exerted between these minute particles, or contiguous 
atoms, when they are placed in apparent contact, and is effective attrmclion - 
only at insensible distances. This has been called contiguous 
attraction , and has been distinguished as it is exerted between 
panicles of matter of the same kind, or between particles of a 
different kind. When the particles of the same kind are cohesion, 
united to form an aggregate or mass, they are sometimes said 

to be united by the affinity of aggregation , the cohesive 
affinity , or by that force or power termed cohesion . 

7. The attraction which is exerted at insensible distances, Attraction it 
preserves the form, and modifies the texture of solids, gives £j£“” bleai *“ 
a spherical figure to fluids, causes the adhesion of surfaces, and 
influences the mechanical characters of bodies. When it ope- 
rates upon dissimilar particles, it produces their union, giving 

rise to new and infinitely varied productions. It is this kind of 
attraction which is distinguished as heterogeneous ; it is also 
called Chemical attraction, or Affinity. 

8. The results of attraction, as relating to the texture and 
forms of matter, are influenced by the circumstances under 
which it has taken place. Sometimes the particles are, as it 
were indiscriminately collected ; and at others they are beauti- 
fully arranged, giving rise to regular and determinate figures : 
in this case, bodies of the same composition almost invariably 
affect the same form ; hence we are often enabled to infer the 
composition of a substance from accurate inspection of its exter- 
nal or mechanical characters. 

9. The regular polyedral solids thus resulting from the c«t*uii. 
influence of attraction upon certain kinds of matter, are usually 
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called crystals ;* and the bodies are said to be susceptible of 
crystallization . 

10. To enable the particles of bodies to assume that regular 
form which crystals exhibit, it is obvious that they must have 
freedom of motion ; and accordingly the first step towards ob- 
taining a body in its crystalline form, is to confer upon it 
either the liquid or aeriform state. The former is usually 
effected by solution in water; the latter by exposure to 
heat. 

11. The term, solution , is applied to a very extensive class 
of phenomena. When a solid disappears in a liquid, if the com- 
pound exhibit perfect transparency, we have an example oi 
solution. The expression is applied both to the act of combi- 
nation, and to the result of the process. When common salt] 
such as is used in cookery, is agitated with water, it disap- 
pears ; in other words, its solution takes place ; and we also 
term the liquid which is obtained, a solution of salt in water , 
This is one of the simplest cases that can be adduced of the 
efficiency of chemical attraction ; for solution is always the resull 
of an attraction or affinity, between the fluid and the solid 
which is acted upon, feeble it is true, yet sufficient in force tc 
overcome the cohesion of the solid. The affinity continues tc 
act until at length a certain point is attained, where the affinity 
of the solid and fluid for each other is overbalanced by the 
cohesion of the solid, and the solution cannot be carried farther 
This point is called saturation 9 and the fluid obtained is termed 
a saturated solution. H. 1, 31. 

1 2. The particles of the salt may be regarded as disposed al 
regular distances throughout the fluid ; and if the quantity ol 
water be considerable, the particles will be too far asunder tc 
exert reciprocal attraction ; in other words, they will be mon 
powerfully attracted by the water than by each other. If wc 
now slowly get rid of a portion of the water by evapora 
tion, the saline particles will gradually approach each other; 
and they will aggregate according to certain laws producing t 
regular solid of a cubic form. 

13. To recover a salt from its solution, if its solubility doe; 
not vary with the temperature of the solvent, as in the instance 
of common salt, it is necessary to expel a portion of the fluic 
by heat This constitutes the process of evaporation . H 
i. 31. 

14. The regularity of the figure obtained will be influenced bj 
the rapidity of the evaporation ; if the process be slowly con 
ducted, the particles unite with great regularity ; if hurried 
the crystals are irregular and confused. In common cases lh< 
evaporation may be continued till a pellicle forms upon thi 
surface of the solution, which indicates that the attraction of thi 
saline particles for each other, is becoming superior to thei 
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attraction for the water. The formation therefore, of a superfi- Time for «top- 
cial pellicle is the common criterion of the fitness of a solution 
for crystallization ; but where the object is to obtain very 
regular and very large crystals, the evaporation must be much 
slower, and carried to much less extent; even spontaneous 
evaporation, or that which takes place at common temperatures, 
must be resorted to. 

15. There are certain bodies which may be dissolved or C ry»tni 8 form- 
liquified by heat, and during slow cooling, may be made to ed b r fu « 00 - 
crystallize. This is the case with many of the metals, and with 
sulphur. Some other substances, when heated, readily assume 

tbe state of vapour, and during condensation, present regular 
crystalline forms; such as iodine, benzoic acid, camphor, &c. : 
and in this way crystals of snow are produced by the cooling of 
aqueous vapour. 

16. Some substances are so easily decomposed by heat, and 

at the same time retain water with such avidity, that it is >u D ce»who»« 
impossible to crystallize them by any of the above processes; j°“^ ,lUon * 
in these ca $es crystallization may sometimes *be effected by 
placing the solution under the exhausted receiver of an air- 
pump, over the surface of sulphuric acid, which, by absorbing 
the vapour as it rises, causes rapid evaporation without increase 
of temperature. 

17. In the act of separating from the water in which they Water of 
were dissolved, the crystals of almost all salts carry with them 2*“*’ 
a quantity of water which is essential to the regularity of their 

form, and cannot be expelled without reducing them to shape- 
less masses. It is termed their water of crystallization. H. 
it 32. 

18. The hardness, brilliancy, and transparency of crystals, 
also often depend upon their containing this water, which 
sometimes exists in them in large quantities. Thus, sulphate 
of soda, in the state of crystals, contains more than half its 
weight Sulphate of lime, in its crystallized form, contains about 
20 per cent, of water, which it loses at a red heat, and the 
crystals crumble down into the white powder called Plaster of 
Paris. Some salts part with it by simple exposure to dry air, 

when they are said to effloresce ; but there are other salts 25°deSIS^ 
which deliquesce , or attract water from the atmosphere. Those cence. 
crystals which effloresce by exposure to air, may often be con- 
veniently preserved, by slightly oiling their surfaces. The 
best method is to soak the crystals in oil for a few hours, and 
then to wipe them and put them up in bottles. 

19. Those crystals in which the water of crystallization is ^* ter r fu 
so abundant, as to liquefy them on the application of heat, are 
sometimes said to undergo the watery fusion. 

20. Some salts, in consequence probably of their strong 
attraction for the water that retains them in solution, cannot 
be brought to crystallize in the ordinary way. In such cases, 
crystallization may be effected by the addition of substances 
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having a strong affinity for water, by which its attraction foi 
the dissolved matters is weakened ; thus alcohol, added to cer 
tain aqueous saline solutions, produces a separation of crystals 
but they are generally small and indistinct. 

21. When two salts of different solubilities are present ii 
the same solution, they often may be separated by crystalliza 
tion, that which is least soluble constituting the earlier crop c 
crystals. 

22. Crystallization is accelerated by introducing into th 
£y a p £ a solution a nucleus, or solid body, upon which the proces 

begins; and manufacturers often avail themselves of this cii 
cumstance. Thus we see sugar-candy crystallized upon strings 
and verdigris upon sticks. There are cases in which it is pai 
ticularly advantageous to put a few crystals of the dissolved sal 
into the solution, which soon cause a crop of fresh crystals 
In some instances, if there be two salts in solution, tha 
will most readily separate of which the crystals have beei 
introduced. 

22?^ By placing a crystal of the same nature in a saturate 

feu crytuis. solution of a salt; and turning it daily, so that the differen 
sides shall be successively exposed to the liquid, very large am 
perfect crystals may be obtained. This fact was first notice* 
by M. Le Blanc of Paris. 

C 24. A strong saline solution, excluded from the air, will fre 
quently crystallize the instant that air is admitted ; a circum 
stance unsatisfactorily referred to atmospheric pressure, li 
other cases, agitation produces the same effect. 

Ei P . If we make a saturated solution of Glauber’s salt in boilinj 

water, in a small matrass, cork it tight, and allow it to remaii 
at rest till perfectly cool, the solution will remain fluid ; but oi 
withdrawing the cork crystallization will generally commence 
should it not, the introduction of a small piece of the same sal 
will usually effect it. 

These phenomena sdem connected with the doctrine of laten 
heat, but hitherto they have only been imperfectly investigated 
in some cases they have been shown by Dr Ure to be affecte* 
by electrical changes. Quarterly Journal , Vol. x. p. 6. 

25. The presence of light also influences the process of crys 
Light inflo- tallization. Thus we see the crystals collected in campho 
riaUon7 ,lm1 ' bottles in druggists’ windows always most copious upon thi 
surface exposed to light; and if we place a solution of nitre it 
a room which has the light admitted only through a small hoi 
in the window shutter, crystals will form most abundantly 
upon the side of the basin most exposed to the aperture througl 
which the light enters, and often the whole mass of crystal 
will turn towards it. 

Many saline solutions form arborescent crystalline pellicles 
when left to spontaneous evaporation, which slowly travel uj 
the sides of the basin, and gradually proceed down upon th* 
outside : this process also always begins on the side nearest th* 
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light, and is often confined to it. Acetate of lime, exhibits 
this appearance in a very beautiful manner. Jlikin’s Diet . 

Art. Light. 

26. We may now proceed to examine the structure of crys- Structure of 
tallized bodies, upon which the Theories of Crystallization ^f e * lUzca 
are founded. This inquiry exposes a connecting link between 

the chemical and mechanical properties of bodies. 

It is commonly observed, that crystallized bodies affect one Ano «» 0M 
form in preference to others. The fluor spar of Derbyshire 
crystallizes in cubes: so does common salt. Nitre assumes the 
form of a six-sided prism, and sulphate of magnesia that of a 
four-sided prism. These forms are liable to vary. Fluor spar 
and salt crystallize sometimes in the form of octoedra ; and 
there are so many forms of carbonate of lime, that it is difficult 
to select that which most commonly occurs. \ 

Rome de Lisle referred these variations of form to certain An mnetie. 
truncations of an invariable primitive nucleus ; and Gahn after- 
wards observed, that when a piece of calcareous spar was care- 
fully broken, all its particles were of a rhomboidal figure. 

This induced Bergman to suspect the existence of a primitive 
nucleus in all crystallized bodies. ( Physical and Chemical 
Essays , Voi. II. p. 1.) When Haiiy entered the field of in- 
quiry, he not only corroborated the opinions of Bergman, and 
submitted former hypotheses to experimental proof, but traced 
with much success the laws of crystallization and pointed 
out the modes of transition from primitive to secondary figures. 

Traits de Mincralogie, Paris, 1801. 

27. Every crystal may be divided by means of proper in- c ffalf can 
struments; and, if split in certain directions, presents plane not be .pm 
and smooth surfaces. If split in other directions, the fracture 

is rugged, is the mere effect of violence, and is not guided by direction*, 
the natural joining of the crystal. This fact has been long 
known to jewellers and lapidaries ; and an accidental observa- 
tion of it proved to the Abb£ Haiiy, the key of the whole 
theory of crystallization. By the skilful division of a six-sided 
prism of calcareous spar, he reduced it to a rhomb, precisely 
resembling that which is known under the name of Iceland 
crystal. Other forms of calcareous spar were subjected to the . 
same operation ; and, however different at the outset, finally ltir6 fonn# ’ 
agreed in yielding, as the last product a rhomboidal solid. It 
was discovered also by Haiiy, that if we take a crystal of 
toother kind (the cubic fluor spar, Derbyshire spar for in- . 
stance,) the nucleus, obtained by its mechanical division, will/ 
have a different figure, viz. an octoedron. Other crystallized 
bodies produce still different forms ; which are not, however, 
very numerous. Those which have hitherto been discovered, 
are reducible to six; the parallelopiped, fig. 1, which includes pi. i 
the cube, the rhomb, and all the solids which are terminated 
by six faces, parallel two and two ; the tetraedron, fig. 2 ; the 
octoedron, fig. 3; the regular hexaedral prism, fig. 4; the 
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dodecaedron with equal and similar rhomboidal planes, fig. 5 
and the dodecaedron with triangular planes, fig. 6. 

28. The solid of the primitive form, or nucleus of a crysta 
obtained by mechanical division, mpy be subdivided in a direc 
tion parallel to its different faces f All the sections thus pre 
duced being similar, the resulting solids are precisely simila 
in shape to the nucleus, and differ from it only in size, whic 
continues to decrease as the division is carried farther. T 
this division, however, there must be a limit, beyond whic 
we should come to particles so small, that they could no long* 
be divided. At this term therefore, we must stop: and t 
these last particles, the result of an analysis of the primitiv 
nucleus and similar to it in shape, Hauy has given the name < 
the integrant molecule . If the division of the nucleus ca 
be carried on in other directions than parallel to its faces, tli 
integral molecule may then have a figure different from that < 
the nucleus The forms, however, of the integrant moleculi 
which have hitherto been discovered, are only three ; the tetra* 
dron, fig. 2, the simplest of pyramids ; the triangular prisn 
fig. 7, the simplest of prisms : and the parallelopiped, inclu< 
ing the cube and rhomboid, the limplest of solids which hai 
their faces parallel two and two. With respect to octoedral cry 
tals there is a difficulty, whether the octoedron, or tetraedre 
is to be adopted as the primitive form ; and, whichsoever 1 
chosen, since neither of them can fill space without leavic 
vacuities, it is not easy to conceive any arrangement, by whi< 
the particles will remain at rest. To obviate this difficulty, I 
Wollaston has suggested, that, in such instances, the element 
ry particles may be perfect spheres ; and, by the due applic 
tion of spheres to each other, he has shown, that a variety 
crystalline forms may be produced ;* viz. the octoedron, tl 
tetraedron, and the acute rhomboid. If other particles havic 
the same relative arrangement, be supposed to have the shaj 
of oblate spheroids, the regular rhomboid will be the resultir 
figure ; $nd if the spheroids be oblong instead of oblate, the 
will generate prisms of three or six sides. The cube, also, I 
Wollaston has shown, may be explained by the aggregation * 
spheroidical particles, j 

29. A method of developing the structure of crystals, by 
new process which appears greatly superior to that of mecha 
ical division, has been described by Mr Daniell.t It consists 
exposing any moderately soluble salt to the slow and regulate 
action of a solvent. A shapeless mass of alum, for instanc 
weighing about 1500 grains, being immersed in 15 ounc 
measures of water and set by, in a quiet place, for a period 
three or four weeks, will be found to have been more dissolve 
toward the upper than the lower part, and to have assumed 
pyramidal form. On further examination, the lower end of tl 
mass will present the form of octoedrons and sections of octo 

• Phil. Tran*. 1813. p. 51. f Quarterly Journal, >. 51 
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drons, in high relief and of various dimensions. They will be pi. 
most distinct at its lower extremity, becoming less so as they 
ascend, fig. 9. This new process of dissection admits of 
extensive application Borax, in the course of six weeks, ex- 
hibits eight sided prisms with various terminations; and other 
salts may be made to unfold their external structure by the slow 
agency of water, fig. 8. Carbonate of lime, carbonate of strontia, 
and carbonate of baryta, give also distinct results, when acted 
upon by weak acids; and even amorphous masses of those 
metals, which have a tendency to assume a crystalline form, 
such as bismuth, antimony, and nickel, when exposed to very 
dilute nitric acid, presented at the end of a few days distinct 
crystalline forms. Large crystals of gulphatqjof antimony Mr 
Faraday has also found, admirably illustrated Mr Daniell’s 
mode of displaying crystalline texture. When such a crystal 
is introduced into a portion of fused sulphuret, it begins to melt 
down, but not uniformly, for crystals are left more than half an 
inch long projecting from it.* 

The results of these experiments, when minutely traced and 
investigated, afford strong confirmation to the theory, that the 
spheroidical is the true form of the ultimate particles of crystal- 
lized bodies. H. 1. 35, 38. 

30. In connexion with chemistry, the theory of crystalliza- c C ^iiLt° f 
tion opens a new avenue to the science, and frequently enables 
us to ascertain directly, that, which, independent of such aids, 
coaid only be arrived at by an indirect and circuitous route. 

We frequently read the chemical nature of substances, in their 
mechanical forms. CTo the mineralogist, an intimate acquaint- 
ance with crystalline forms and modifications of natural bodies 
is essentially requisite. Indeed, the theory of crystallization 
may be considered as one of the great supports of that useful 
branch of natural history, and it is to the indefatigable exertions 
of Haiiy that much of its present perfection is to be referred* 

In the arts, the process of crystallization is turned to very valu- 
able account, in the separation and purification of a variety of 
substances.t “ 


A 


Section II. Heterogeneous Attraction or Affinity . 

31. We have hitherto considered attraction as disposing the 
particles of bodies to adhere so as to form masses or aggre- *® nit y- 
gates ; and in many instances, to arrange themselves according 
to peculiar laws, and to assume regular geometrical figures. — 

We are now to regard this power as operating upon dissimilar 

* • Jour, of Science and the Arts, xi. S09. 

f The ioetrement* need for me attiring the angle* at which the planes of crystals meet, or incline to 
<*eh other, are called foniomst*rt. For the description of these and the method of using them, see 
Cunb. Nat. Philoe. Vol. II. p. 14 : Cleaveland's Mineralogy, Chap. 3d. (edit. 1833.) Brooke's Crys- 
tallography, p. 35. 
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particles; as presiding over the composition of bodies; and i 
producing their chemical varieties. This is Chemical Ai 
traction or Affinity. 

32. Chemical affinity, like the cohesive attraction, is effect^ 
only at insensible distances ; but it is distinguished from th 
latter force, in being exerted between the particles or atoms t 
Result of this bodies of different kinds. The result of its action is not a mei 
aggregate, having the same properties as the separate parts, an 
differing only by its greater quantity or mass, but a new con 
pound, in which the properties of the components have eith< 
entirely or partly disappeared, and in which new qualities ai 
also apparent. 

33 As a general exemplification of chemical action, we ma 
take potash and sulphuric acid. Each of these bodies in a sep 
rate state is distinguished by peculiar properties. The potas 
converts the blue colour of vegetable infusions* to green, the ac 
turns them red. But if we gradually add the potash to the aci 
we shall obtain a liquid which will have neither the properti 
of the potash or of the acid ; and which will no longer chan; 
the colour of the vegetable infusion, and the taste of which w 
have been converted into a bitter one. 

34. In cases of this kind where chemical combination tak 
place, and the qualities of the component parts of a compoui 
are no longer to be detected in it ; the bodies combined a 
said to neutralize each other. 

35. Neutralization is to be distinguished from saturation, (l 
by which we express those weaker combinations where there 
no remarkable alteration of qualities, as in cases of solution.- 
Water, for example, will dissolve successive portions of coi 
mon salt, or sugar, until at length it refuses to take up nior 
or is saturated ; the solution retaining the saline or sweet tas 
and some other qualities of the salt or sugar. The only phy 
cal quality that is changed being that of cohesion. 

36. In other cases, the properties of the compound difl 
essentially from those of its component parts, and a series 
new bodies, possessed of distinct and peculiar characters, 
produced. 

Q Thus when two volumes of nitric oxide gas are mixed w 
one of oxygen, an orange-coloured gas results, very sour, a 
soluble in water, whereas, the gases before mixture were coloi 
less, tasteless and insoluble in water. 

If into a glass vessel, exhausted of air, be introduced so 
sulphur, and copper filings, and heat applied so as to melt 1 
former, it will presently combine with the latter. 

If we mix a quantity of iron filings and sulphur, and m 
them in a crucible we obtain a brittle mass which has prop 
ties different from those of either of its constituent parts/} 
We observe as the results of this attraction between 'th 


Kip 


Neutraliza- 

tion, 


distinguished 
from Satura- 
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properties. 


Exp. 1. 


Exp. 2. 


Exp. 3. 


Results. 


* The purple cabbage infused in water affords a convenient and economical liquid for ilxis 
similar purposes. 
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substances, 1, that the substances produced have not the in- 
termediate properties of their elements but that they present 
new characters; 2, that in the second experiment much heat 
and light are evolved during the mutual action ; 3, that the 
substances will unite in certain proportions only. v ; 

37. In liquids and gases, similar changes of properties may Solid pro- 
be exhibited, and, in many cases, a change of form or state re- ducta ‘ 
suits. Thus the combination of aeriform bodies produces a 

solid. 1 

Into a retort (fig. £§, a ) introduce a small quantity of pi- 3. , 
liquid ammonia (volatile alkali,) and into another a little mu- £xp> 1 
riatic acid, insert the beaks of the retorts into the extremities ! 
of a glass cylinder. The gases arising from the muriatic 
acid and ammonia, 'pass into the cylinder and unite to 
form a new solid compound, muriate of ammonia (sal am- 
moniac.) 

If to a concentrated solution of muriate of lime, sulphuric e« p . 
acid or a saturated solution of carbonate of potassa be gradually 
added, a white solid will result. 

38. In other cases the solids are converted into aeriform GMeoBg . 
matter, of which the combustion of gunpowder is a familiar 
instance. — Gases form a liquid ; as when olefiant gas is mixed 

with chlorine. 


& 


39. When certain liquids are presented to each other gases 

are the result, as when to two parts of alcohol we add one ei P . 
part of nitric acid, an effervescence ensues, and aeriform matter 
is copiously evolved. — Solids also produce liquids ; 

Rub together in a mortar a few crystals of Glauber’s salt 
with nitrate of ammonia, the two solids become fluid. 

Such operations are not confined to art. Nature presents 
them on an extended scale ; and in connexion with the func- 
tions of life, renders them subservient to the most exalted 
purposes. 

40. The new chemical powers that bodies thus acquire in 
consequence of combination, are often extremely remarkable, 
and can only be learned by experiment. It frequently hap- 
pens that inert bodies produce inert compounds, and that active 
substances remain active when combined ; but the reverse often 
occurs : thus oxygen, sulphur, and water, in themselves taste- 
less and comparatively inert, produce sulphuric acid when 
chemically combined; and potash, which is a powerful caustic, 
when combined with sulphuric acid, forms a salt possessing 
little activity. 

41. The colours of bodies are altered by chemical action, other chan- 

Into a weak solution of nitrate of copper, drop liquid am- 

monia, a rich blue colour will be produced. Add gradually, 
on the end of a glass rod, a little sulphuric acid, the liquid will 
become colourless. 

To an infusion of purple cabbage add a few drops of an acid, Exp. 
the colour will be changed to red. — The addition of liquid 
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ammonia, in quantity just sufficient to neutralize the acid, will 
restore the original colour. 

The addition of ammonia alone, produces a green colour. 

Into a small jar of chlorint gas, confined by water, introduce 
a piece of litmus paper, the colour will be wholly destroyed. 

When sulphate of copper (blue vitriol), and acetate of lead 
(sugar of lead) are rubbed together in a mortar ; the new com- 
pound has a green colour. 

42. The specific gravity and the temperature of bodies are 
altered by chemical action. 

When equal parts of sulphuric acid and water are mixed, 
the resulting liquid has a specific gravity much above the mean; 
the temperature is also so much increased that if the mixture 
be made in a phial about which tow is wrapped containing a 
small piece of phosphorus, the phosphorus will be inflamed. 

43. Ignition is a frequent attendant upon chemical action, (36.) 

Mix, cautiously, a small quantity of sugar with about half its 

weight of the salt called chlorate of potash ; drop upon the mix- 
ture, from the extremity of a glass rod, a little sulphuric acid, 
it will be inflamed. 

44. As chemical action takes place among the ultimate or 
constituent elements of bodies, it must obviously be opposed 
by the cohesion of their particles* and chemical attraction is 
often prevented by mechanical aggregation. 

Introduce a piece of the metal antimony into ajar of chlorine 
gas, it will be only slowly and superficially acted upon ; but il 
the mechanical aggregation be previously diminished, by re- 
ducing the metal to powder, it in that state rapidly unites with 
the gas, and burns the instant that it is introduced. 

The influence of mechanical division in promoting the ac- 
tion of chemical affinity and in favouring solution will be 
obvious, if into a vessel containing dilute muriatic acid we drop 
a lump of marble ; and into another vessel containing the same 
acid we pour an equal weight of marble reduced to powder. 

45. The chemical energies of bodies, are increased by heat 

To four ounce-measures of water, at the temperature of the 

atmosphere, add three ounces of sulphate of soda in powder 
only part of the salt will be dissolved, even after being agilatec 
some time. Apply heat, and the whole of the salt will disappear 

To this law, however, there are several exceptions ; fo; 
many salts are equally, or nearly equally, soluble in cold as ii 
hot water ; as will be seen hereafter. 

The effects of heat are sometimes only referable to the dimi 
nution of adhesion by expansion, or liquefaction ; but in othe 
cases they are peculiar and complicated and probably concernei 
in modifying the electrical energies of the acting substances. 

46. Mechanical agitation, also favours the chemical action o 
bodies. 

Into a wine glass full of water, tinged blue with the infusioi 
of litmus let fall a small lump of solid tartaric acid. The acid, i 
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left at rest, even during some hours, will only change to red 
that portion of the infusion, which is in immediate contact with 
it Stir the liquid, and the whole will immediately become red. 

47. An important law of affinity which is the basis of almost 
all chemical theory, is that one body has not the same force of 
affinity towards a number of others, but attracts them unequally ; 
or different bodies are possessed of different attractive powers, 
and if several be brought together, those which have the 
strongest mutual affinities enter first into union. 

Thus, if nitric acid be poured upon a mixture of lime and e* p . 
magnesia, it dissolves the former in preference to the latter 
earth. 

48. Some bodies have no affinity for each other. Oil and Some bodies 
water, or powdered chalk and water, may be agitated together, 

but they will not combine. On allowing the vessels containing other * 
them to remain at rest, the oil or water rises to the surface, and 
the mercury, or chalk falls to the bottom. 

49. The intervention of a third body will sometimes promote SabjatES 
the union of two other bodies which have no affinity for each b <x* 7 > 
other. Thus oil and water unite immediately on adding an Exp. 
alkali, as caustic potash. The alkali acting as an intermedium. 

The fact indeed, admits of being explained by the supposition, 
that the oil and alkali form, in the 1st instance a compound 
which is soluble in water. (H.) 

50. It very frequently happens, on the contrary, that the ord«rtroy«d. 
tendency of two bodies to unite, or remain in combination 
together, is weakened or destroyed by the addition of a third. 

Thus alcohol unites with water in such a manner as to separate 
most salts from it. 

A striking instance of this is seen in a saturated or strong Exp. 
solution of nitre in water. If to this there be added an equal 
measure of alcohol, the greater part of the nitre instantly falls 
down. (U. 187.) 

51. The affinity existing between any two bodies, is inferred Affinity bow 
from their entering into chemical combination and that this has ,nfcrred * 
happened, a change of properties may be considered as a suffi- 
cient proof, even though the change may not be very obvious 

and may require accurate examination to be perceived at all. — 

H. 1. 41.) 

52. The knowledge of the affinities which bodies have for simple or 
each other, enables us to separate them when united, or to Ai ' 
perform the process of decomposition . Thus if into a solution E x P . 

of nitrate of silver (lunar caustic) we place a piece of polished 
copper, it will soon be covered with metallic silver and the 
solution will have been decomposed , and the silver precipitated . 

53. From a great number of facts of this nature, it is clearly 
ascertained, not as a probable hypothesis, but as a simple matter 
offset, that some bodies have a stronger tendency to unite than 
others ; and that the union of any substance with another will 
exclude, or separate, a third substance which might have been 
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previously* united with one of them ; excepting in those cases 
wherein the new compound has a tendency to unite with that 
third substance, and form a triple compound. This preference 
of uniting, which a given substance is found to exhibit with 
regard to other bodies, has been called elective attraction. — 
(U. 187.) 

Tablet of 54. Upon this principle, tables of attraction have been con- 
Attraction. structed, the substance whose affinities are to be represented 
being placed at the head of a column, and the bodies with 
which it combines beneath it, in the order of their respective 
attractions (see Branded History of Chemistry , p. 78 ;) thus 
the affinity of sulphuric acid for several substances (or bases) 
would be shown as follows : 

Sulphuric Acid. 


Baryta. 

Strontia. 

Potassa. 

Soda. 

Lime. 

Magnesia. 

Ammonia. 

From this table it would appear that baryta separates sul- 
phuric acid from its compounds with all the inferior substances, 
and that ammonia is separated by all that are above it ; there 
are, however, many circumstances which interfere with the 
usefulness and accuracy of such tables, and in some cases there 
are anomalies in the mutual agencies of bodies which wholly 
subvert the usual order of arrangement. One of these has 
been pointed out by Mr R. Phillips , — ( Quarterly Journal , 
I Vol. i. p. 80.) He found that on boiling carbonate of baryts 
in a solution of sulphate of potassa, sulphate of baryta and car* 
bonate of potassa were formed ; and he also found that, on re 
versing the experiment, by boiling sulphate of baryta in solu 
tion of carbonate of potassa, carbonate of baryta and sulphate 
of potassa were produced. 

55. Simple decomposition may be expressed also by anothe 
form, contrived by Bergman. Thus, the following schemi 
illustrates the decomposition of muriate of magnesia by potash:- 

Muriate of Potash. 


. Muriate C Muriatic acid. Potash, 

of < Water at 60 °. 

Magnesia. ( Magnesia. 

. v 

Magnesia. 

• The original compound (muriate of magnesia) is placed o 
the outside and to the left of the vertical bracket. The in 
eluded space contains the original principles of the compound 
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ud also the body which is added to produce decomposition. 

Above and below the horizontal line are placed the results 
of their action. The point of the lower horizontal line being 
turned downwards, denotes that the magnesia falls down or is 
precipitated; and the upper line, being perfectly straight, 
shows, that the muriate of potash remains in solution. If both 
the bodies had remained in solution, they would both have 
been placed above the upper line ; or, if both had been precipi- 
tated, beneath the lower one. If either one or both had escaped 
in a volatile form, this would have been expressed by placing 
the volatilized substance above the diagram, and turning up- 
wards the middle of the upper horizontal line. But since de- 
compositions vary under different circumstances, it is necessary 
to denote, by the proper addition to the scheme, that the bodies 
are dissolved in water of the temperature of 60°. H. 1. 54. 

56. Decomposition is effected under a variety of circumstan- 
ces, and by many methods ; but it is commonly described by 
chemists as Simple and Complex, or Single and Double. 

57. In cases of simple attraction or affinity, one body separates siogie de- 
another from its combination with a third. Thus when potassa C0 “ p0#,tl0,, * 
is added to a solution of sulphate of zinc (composed of sulphuric Eip. 
acid and oxide of zinc,) the oxide of zinc is separated, and 
sulphate of potassa is produced. 

58. In cases of double decomposition, two new compounds are Double d- 
produced ; as when a solution of nitrate of baryta, is mixed coinpo * ltlon * 
with a solution of sulphate of soda, the results are a precipitate 

of sulphate of baryta, and a solution of nitrate of soda. 

In a watery solution of sulphate of zinc (white vitriol) im- 
merse a thin sheet of lead ; the lead will remain unaltered, as ExfK 
also will the sulphate of zinc, because zinc attracts sulphuric 
acid more strongly than lead. But let a solution of acetate of 
lead be mixed with one of sulphate of zinc ; the lead will then 
go over to the sulphuric acid, while the zinc passes to the acetic. 

The sulphate of lead being insoluble, will fall down in the state 
of a white powder ; but the acetate of zinc will remain in solu- 
tion. (H.) 

59. These cases of double decomposition are sometimes 
conveniently illustrated by diagrams, which may either be 
constructed so as merely to show the result of the change, or 
where required they may also exhibit the composition of the 
acting bodies. In the case just alluded to (58) the substances 
before mixture are shown by parallel lines, and after mixture 
by diagonal lines. 

Nitric Acid. Baryta. 



Sulphuric Acid. Soda. • 


4 
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Or a more complete view of the change is given in the follow- 
ing diagram, where the bodies before mixture are placed upon 
the outside of the perpendicular lines ; their component parts 
are shown within them ; and the new results on the outside of 
the horizontal lines. 


Nitrate of Soda. 


Nitrate of Barjta. 


Nitric Acid. 

Soda. 

Barjta. , 

Sulphuric acid. 


Sulphate of Soda. 


Sulphate of Barjta. 


fin! ty"jfove n»- 60. It is obvious, from the uniform results of chemical action 

nfte uwl efi " that affinity must be governed by certain definite laws, by which 
its results are determined, and upon which its uniformity de- 
pends. Attention was first called to this subject by Mr Higgins 
in 1789 ,t— [Comparative View of the Phlogistic and J$nti~ 
52?*“ phlogistic Theories.) He conceived that chemical attraction 
only prevailed between the ultimate particles of simple elementa- 
ry matter, and betweeft compound atoms ; and, in applying this 
idea to chemical theory, he expressed by numbers the relative 
forces of attraction subsisting between the different kinds oi 
ultimate particles and atoms of matter. 

Made a t T «- 61. These views were subsequently extended and improved by 
Dalton, and have since engaged the attention of some oJ 
the most eminent chemical philosophers ; among whom we 
may enumerate Gay-Lussac, Berzelius, Davy, Wollaston, 
Thomson and Brande. 

62. In the chemical combination of bodies with each othei 
we remark. 

1st. Some bodies unite in all proportions ; for example, watei 
and sulphuric acid, or water and alcohol. 

2dly. Other bodies combine in all proportions, as far as t 
certain point, beyond which, combination no longer takes place 
Thus water will take up successive portions of common salt 
until at length it becomes incapable of dissolving any more. Ii 
cases of this sort, as well as in those included under the firs 
head, combination is weak and easily destroyed, and thequali 
ties which belonged to the components in their separate stat 
continue to be apparent in the compound. 

3dly. There are many examples in which bodies unite ii 
one proportion only ; and in all such cases the proportion o 
the elements of a compound must be uniform for the species . — 
Thus hydrogen and oxygen unite in no other proportions thai 
those constituting water. In cases of this sort the combinatio 
is generally energetic ; and the characteristic qualities of th 
components are no longer observable in the compound. 
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4thly. Other bodies unite in several proportions : but these Definite pro. 
proportions are definite, and, in the intermediate ones, no com^ t p 0 ^ 0 "- 
bination ensues. Thus 100 parts by weight of charcoal combine ^ 
with 132| of oxygen, or with 265, but with no intermediate 
quantity ; 100 parts of manganese combine with 14 of oxygen, or 
with 28, ot with 42, or with 56, and with those proportions only. \ 

63. Now it is remarkable, that when one body enters into 
combination with another, in several different proportions, the 
numbers indicating the great proportions are exact simple mul- 
tiples of that denoting the smallest proportion. In other words, 
if the smallest proportion in which B combines with A, be 
denoted by 10, A may combine with twice 10 of B, or with 
three times 10, and so on ; but with no intermediate quantities. 

There cannot be a more striking instance of this law than that 
above mentioned, of the compounds of manganese with oxygen ; 
in which the oxygen of the three last compounds may be observ- 
ed to be a multiplication of that of the first (14) by the numbers, I 
2, 3, aqd 4. — 

On facts of this kind, Mr Dalton has founded what may be term- 
ed the Atomic Theory of the chemical constitution of Bodies . 

64. Though we appear when we effect the chemical union 
of bodies, to operate on masses , yet it is consistent with the 
most rational view of the constitution of bodies to believe, that 
it is only between their ultimate particles , or atoms, that 
combination takes place. By the term atoms , it has been 
already stated, we are to understand the smallest parts of which 
bodies are composed. An atom therefore, must be mechanically 
indivisible, and of course a fraction of an atom cannot exist. — 

Whether the atoms of different bodies be of the same size, or of 
different sizes, we have no sufficient evidence. 

65. Taking for granted that combination takes place between 
the atoms of bodies only, Mr. Dalton has deduced, from the 
relative weights in which bodies unite, the relative weights of 
their ultimate particles or atoms. When only one combination 
of any two elementary bodies exists, he assumes, unless the con- 
trary can be proved, that its elements are united atom to atom 
singly. Combinations of this sort he calls binary. But if 
several compounds can be obtained frbm the same elements, they 
combine, he supposes, in proportions expressed by some simple 
multiple of the number of atoms. The following table exhibits 
* view of these combinations : 


1 atom of A + 1 atom of B = 1 atom of C, binary. 

1 atom of A + 2 atoms of B = 1 atom of D, ternary. 

2 atoms of A + 1 atom of B = 1 atom of E, ternary. 

1 atom of A + 3 atoms of B = 1 atom of F, quaternary. 

3 atoms of A + 1 atom of B = 1 atom of G, quaternary. 


66. A different classification of atoms has been proposed by Beraeiimi 
Berzelius ; viz. into l, elementary ; 2, compound atoms. of a “itST uon 
8 
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Relative 
weight! of 
atoms, bow 
ascertained. 


The compound atoms he divides again into three different 
species, namely 1st, atoms formed of only two elementary sub- 
stances united, or compound atoms of the first order : 2dly, 
atoms composed of more than two elementary substances ; and 
these, as they are only found in organic bodies, or bodies ob- 
tained by the destruction of organic matter, he calls organic 
atoms : 3dly, atoms formed by the union of two or more com- 

L pound atoms ; as for example, the salts. These he calls 
compound atoms of the second order . H. 1. 44. 

67. In adopting the atomic theory, it is important to ascertain 
the relative weights of the atoms of bodies. 

As an illustration of the mode in which this is effected, let 
us suppose that any two elementary substances, A and B, form 
a binary compound ; and that they have been proved experi- 
mentally to unite in the proportion, by weight, of 5 of the 
former to 4 of the latter ; then, since, according to the hypo- 
thesis, they unite particle to particle, those numbers will express 
the relative weights of their atoms. But, besides combining 
atom to atom singly, 1 atom of A may combine with 2 of B, 
or with 3, 4, &c. Or 1 atom of B may unite with 2 of A, or 
with 3, 4, &c. When such a series of compounds exists, the 
relative proportion of their elements ought necessarily, on 
analysis, to be proved to be 5 of A to 4 of B ; or 5 to (4+4=) 
8 ; or 5 to (4+4+4=) 12, &c. ; or, contrariwise, 4 of B to 5 of 
A ; 4 to (5+5=) 10 ; or 4 to (5+5+5=) 15. Between these 
there ought to be no intermediate compounds ; and the exis- 
tence of any such (as 5 of A to 6 of B, or 4 of B to of A) 
would, if clearly established, militate against the hypothesis. 

68. To verify these numbers, it may be proper to examine 
verified. the combinations of A and B with some third substance, for 
example, with C. Let us suppose that A and C form a binary 
compound, in which analysis discovers 5 parts of A and 3 of C. 
Then, if C and B are, also, capable of forming a binary com- 
pound, the relative proportion of its elements ought to be 4 of 
B to 3 of C ; for these numbers denote the relative weights of 
their atoms. By extending the comparison to a variety of 
bodies, a scale of the relative weights of their atoms may be 
obtained. 

In several instances, additional evidence is acquired of the ac- 
curacy of the weight, assigned to an element by our obtaining 
the same number from the investigation of several of its com- 
pounds. H. 1. 47. 

69. The law, that when bodies unite so as to form one com- 
pound only, that compound always contains the same relative 
proportions of its components ; and where two bodies unite in 
more than one proportion, the second, third, fyc., proportions 
are multiples or divisors of the first is well exhibited in the 
combinations of gaseous bodies. These are seen to unite in 
Definite Pi xh simple ratios of volume. Water is composed of hydrogen and 
rortkw. oxygen, and 1 part by weight of the former gas, unites to 8 of 
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the latter. The specific gravity of hydrogen compared with 
that of oxygen, is as 1 to 16 ; it is obvious, therefore, that one 
volume of hydrogen unites to half a volume of oxygen, and 
that the composition of water will be represented by weight 
and volume thus. 


i 

Hydrogen. 


8 

Oxygen. 


Muriatic acid gas consists of 1 part by weight of hydrogen 
and 36.0 by weight of chlorine. The relative specific gravities 
of these gases are as 1 to 36.0. It is obvious, therefore, that 
they combine in equal volumes, and that muriatic acid gas may 
be thus represented : 


1 

36.0 

Hydrogen. 

Chlorine. 


Carbonic acid nnites to potassa in two proportions, and forms 
two definite compounds. In the one, 70 parts of potassa are 
combined with 30 of carbonic acid ; in the other, 70 of potassa 
are united to 60 of carbonic acid. 

70. Chemists have found it convenient to refer the atomic 
weight of different bodies to some standard, which is assumed Jjj* 
as the weight of an atom of some well known substance. Two mat 
bodies have been selected for this purpose, viz. oxygen and 
hydrogen. These bodies, as has been observed (65), unite to 
form water in the proportions of 8 to 1 ; If we suppose there^ 
fore that this compound is formed by the combination of 1 
atom of each element and if we represent the weight of the 
atom of oxygen by 1, we shall have for the weight of the atom 
of hydrogen f or ,125. If on the contrary we represent the 
weight of the atom of hydrogen by 1, that of oxygen must be 8. 

Some chemists, however, have supposed water to be formed 
of 2 atoms of hydrogen, united to one of oxygen, because there 
are two volumes of the former and one of the latter, and they 
consider the volumes of these gaseous bodies as representing 
atoms. In this case oxygen will be represented by 1, and hy- 
drogen by ^ or ,0625 ; or if we represent hydrogen by 1, oxy- 

E n will be 16. Drs Thomson and Wollaston and rrofessoi* 
raelius have assumed oxygen as the unit, while Sir H. Davy, 
Dalton, Henry, Brande and others have assumed hydrogen as 
the unit, and have refered the weights of the atoms of other 
bodies to this as the standard. 

71. All cases of chemical combination, in which the qualities 
of the component parts are no longer to be detected in the com- 
pound, or in which a neutral body is produced, are obedient to 
these laws of union : But in some instances bodies may be 
said to unite in all proportions, as water and alcohol, 4rc. Other 


Digitized by 


google 




20 


CHEMICAL AFFINITY. 


bodies combine in all proportions, up to a certain point only,! 
and beyond that, combination no longer ensues. Thus water! 
will take up successive portions of common salt, until at length 
saturation, it refuses to take, up more, or is saturated ; and this always 
occurs when the water has dissolved a definite weight of the salt. ! 
N«utraiua- 72. It has been remarked (34) that when bodies mutually ! 
tion ‘ disguise each others properties, they are said to neutralize each 
other : an effect especially exemplified in the union of acids and 
alkalis. The resulting compound being termed a neutral salt . 

Now when we have ascertained the proportion in which any 
two or more bodies of one class, a , 6, c neutralize another body 
x of a different class, it will be found that the same relative pro- 
portion of o, by Cy will be required to neutralize any other body 
of the same class as x. Thus since 100 parts of sulphuric acid, 
and 68 (omitting fractions) of muriatic acid, neutralize 118 of 
potash, and since 100 of sulphuric neutralize 71 of lime, we 
may infer that 68 of muriatic acid will also neutralize 71 of lime. 

73. If the quantities of two bodies A and B, that are neces- 
£qui raieots. Mr y t0 saturate a given weight of a third body, be represented 

by q and r, these quantities may. be called equivalents. Thus 
in the above example 100 parts of sulphuric acid and 68 
of muriatic acid, are equivalents of each other. A column of 
equivalent numbers of great use in chemical calculations, will 
be found in the tables intended to accompany this work. By 
adapting a table of this sort to a moveable scale, on the principle 
of Gunter’s sliding rule, Dr Wollaston has constructed a logo- 
metric scale of chemical equivalents 9 which is capable of 
solving with great facility many problems of chemistry. — Phil. 
Trans. 1824.* 

74. The proof, which establishes the nature of chemical 
Modes of *•- fcompounds, is of two kinds, synthesis and analysis. Synthesis 

con8 i ste in effecting the chemical union of two or more bodies ; 
of bodies. and analysis, in separating them from each other, and exhibiting 
them in a separate state. The composition of sulphate of cop- 
per (blue vitriol) is synthetically demonstrated by uniting 
sulphuric acid to oxide of copper. When we have a compound 
of two or more ingredients, which are themselves compounded 
also, the separation of the compounds from each other may be 
called the proximate analysis of the body ; and the farther 
separation of these compounds into their most simple principles, 
its ultimate analysis. 

Thus the sulphuric acid of the sulphate of copper consists of 
sulphur and oxygen, and oxide of copper consists of copper and 
oxygen ; consequently we should say that the ultimate com- 
ponent parts of blue vitriol are copper, sulphur, and oxygen. 

The proximate analysis of sulphate of potash consists in 
resolving it into potash and sulphuric acid ; and its ultimate 
analysis is effected by decomposing the potash into potassium 
and oxygen, and the sulphuric acid into oxygen and sulphur. 

• A PleU ef tbit instrument it given in the TMu. 
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When the analysis of any substance has been carried as far 
is possible, we arrive at its most simple principles, or elements ; 
by which expression we are to understand, not a body that is 
incapable of further decomposition, but only one which has 
not yet been decomposed . The progress of chemical science, 
for several centuries past, has consisted in carrying still farther 
the analysis of bodies, and in proving those to be compounded, 
which had before been considered as elementary. H. 1. 


Section III. Heat . 

75. No sensations are more familiar to us than those of 
heat and cold. They are excited by bodies applied to our 
organs, and at different times very different degrees of sensa- 
tion are excited. The same body is capable at one time, of 
occasioning the feeling of intense cold ; in a short time it may 
convey an agreeable warmth, and by another change of circum- 
stances, it may induce extreme heat. From this it is evident 

.that the power of inducing these sensations does not depend 
upon the matter itself, which is applied to our organs ; for every 
shade of sensation is produced, without the qualities of that 
matter being permanently changed ; it is considered therefore 
as depending on the operation of a certain power or subtle 
principle, present in bodies, and which, according to its quantity, 
gives rise to the power of exciting different sensations. 

If a piece of iron be made red hot, we conceive that a quan- 
tity of what we call heat , that is, of a certain subtle power, has 
entered into it, and that the property the iron in this state has, 
of affecting the organs of animals in a peculiar manner, depends 
on the presence of this power. When the iron is left to cool, 
we suppose that it parts with its excess of heat. 

76. This principle, or power, has been distinguished by vari- 
ous appellations, as Fire, Heat, the matter of Heat, or the 
Igneous fluid ; terms which are either ambiguous, or which 
involve some hypothesis, and which are superseded by the un- 
exceptionable appellation of Caloric. M. I. 183. 

77. Or we may define caloric as the agent to which the phe- 
nomena of heat and combustion are ascribed. U. 25. 

78. Caloric, so far as its chemical agencies are concerned, may 
be chiefly considered under two views — as an antagonist to the 
cohesive attraction of bodies — and as concurring with, and 
increasing elasticity. By removing the particles of any solid 
to a greater distance, from each other, their cohesive attraction 
is diminished ; and one of the principal impediments to their 
union with other bodies is overcome. On the other hand, 
caloric may be infused into bodies in such quantity, as not only 
to overcome cohesion, but to place their particles beyond the 


Sensations of 
heat and 
cold. 


Heat a subtle 
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sphere of chemical affinity. Thus, in the class of substances, 
called gases, the ponderable ingredient, whether solid or liquid, 
is dissolved in so much caloric, that, in mechanical properties, 
the gases agree with the air of our atmosphere, especially in 
being permanently elastic. Different bodies of this class do not, 
in general, unite by simple mixture. But if, of two gases, we 
employ either one or both in a state of great condensation, or 
compress their particles nearer to each other by any means, the 
gravitating matter of both unites, and forms a new compound. 
Thus hydrogen and oxygen gases remain together in a state of j 
mixture for any length of time, without combining; but if we j 
force their particles into a state of contiguity, by sudden an^l 
violent mechanical pressure, they unite and compose water. In 
many cases, also, when two bodies are combined together, one 
of which is fixed,, and the other becomes elastic by union with 
caloric, we are able, by its interposition alone, to effect their 
disunion. Thus carbonate of lime gives up its carbonic acid by 
the mere application of heat. 

We may consider, then, all bodies in nature as subject to the 
action of two opposite forces, the mutual attraction of their 
b r ca “ particles on the one hand, and the repulsive power of caloric 
on the other ; and bodies exist in the solid, liquid, or elastic 
state, as one or the other of these forces prevails. Water, by 
losing caloric, has its cohesion so much increased, that it assumes 
the solid form of ice ; adding caloric, we diminish again its 
cohesion, and render it fluid ; and, finally, by a still farther 
addition of caloric, we change it into vapour, and give it so 
much elasticity, that it may be rendered capable of bursting 
the strongest vessels. In many liquids, the tendency to elas- 
ticity is even so great, that they pass to the gaseous form by 
the mere removal of the weight of the atmosphere. H. 1. 80. 
it<>i P «o<i 4 79. Expansion is the most obvious and familiar effect of heat ; 
bod,t# * and it takes place though in different degrees, in all forms of 
matter. — When a body which occasions the sensation of heat 
on our organs, is brought into contact with another body which 
has no such effect, the result of their mutual action is that the 
hot body contracts, and loses to a certain extent its power of 
communicating heat, and the other body expands, and in a 
degree acquires this power. D. 1. 70. 

Proved by The expansion of solids may be made apparent by heating a 
eipenment r0( j suc h a j en gth as to be included, when cold, 

between two points, and the diameter of which is such, as 
barely to allow it to drop through an iron ring. When heated, 
it will have become sensibly longer ; and it will be found inca- 
pable of passing through the ring. 

Principle op- 80. This property of metals has been applied to the con- 
rotten an struction of an instrument for measuring temperature, called a 
made. pyrometer. 

f!> ! * o’. ; * nstrument of this kind is represented by fig. 25, which 

Pyrometer, j will be found very convenient for showing the expansibilities of 
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kra of different metals, at temperatures not exceeding that of 
boiling water. Upon a flat piece of mahogany are fixed brass 
studs g g t on which the metallic bar ff is placed. One end of 
this bar bears against a lever ( b ) at a point very near its ful- 
crum ; the other end of this lever, which is bent, bears against 
another lever c, the lower extremity of which is an index. 

Beneath this index is a graduated arc d . When we wish to 
immerse the bar in hot water, or to apply heat gradually 
through the medium of water, the bar is passed through the 
brass box a 9 which has an aperture at each end. An opening is 
left in the board immediately under the box, to allow the ap- 
plication of a lamp. The small expansion of the metallic bar is 
magnified by the first lever in the proportion of the distances 
of the point of pressure from its plane, and from its other ex- 
tremity; and this magnified effect is again magnified by the 
other lever, so that an expansion of the 400th part of an inch 
corresponds to a whole inch on the scale. This pyrometer is 
liable to the objection that the distance of the points of pressure I 
from the fulcrum and extremity of each lever is variable during 
the experiment. (See Ferguson's Led .) J 

81. Mr Daniell has availed himself of the same property of Mr Danieir» 
expansion, in constructing a pyrometer fig. 32, for measuring w roraeU!r * 
high degrees of heat. A bar of platina is enclosed in a case P1 , 

(a, 6, c,) made of the same ware as black lead crucibles, and 
is fixed to it at one end, while the other is left free to move an 
# index (6) by which means degrees of heat above ignition admit 
of being accurately measured.* 

82 . The degree of expansion is not the same for all solids, Bodiespos- 
and even differs materially in substances of the same class. 

Thus, the metals expand in the following order, the most ex- pension, 
pansible being placed first; zinc, lead, tin, copper, bismuth, 
iron, steel, antimony, palladium, platina. H. 1. 90. 

83. Solids are less expansible than liquids, and gases or aeri- 
form bodies more than liquids. 

84. The expansion of liquids may be shown by the follow- Expansion of 
iog experiment. Into a glass vessel, (fig. 11) having a nar- 

row neck, introduce some spirits of wine, and apply the heat Ex p- 

•The extremity «, is closed, the extremity, c, open ; d, it a fertile of brass into which tha end of j 
tk* black lead tube it accurately fitted, and to which the scale e, f g, h, is attached. The bar of 
phhoua (witbio the tube a, b, c, and extending to b.) is 10,0 inches long and 0,14 of an inch in diaroe- 
to. It is uamoreably fixed at a, by a nut and screw of the same metal on the outside, and a pin or 
skoal der oath* inside. It is likewise confined to its place at b. by a small perforated plate of platinum 
fe>ujb which it passes. From its eod b proceeds a fine platinum wire of about ygg of an inch 
fcamster, and coming out of the tube at d passes two or three times round the axis of the wheel s. fixed 
m the back of the scale t % f, g, k. It is then bent back and attached to the extremity of a slight spring 
*• a, which is stretched on the outside of the brass ferule, and fixed by ^pio at n ; the wire is thus 
extended by tha action of the spring. The axis of the wheel i is 0,062 of an inch in diameter, 

•ad the wheel itself is toothed, and plays into the teeth of another smaller wheel k. This smaller 
akeal is half the diameter of the larger, and carries on its circumference one third the number of 
toth. To its axis, which passes through the centre of the scale is attached the index l. The 
Mtioo it uudtiplsed 3 times by the wheel k. The scale is dirided into 360°. It has been found pre- 
ferable in practice to attach a short silken thread to tha extremity of the platinum wire, and pass 
tkst raaad the axis of the wheel and fix it to the spring. Set Quarterly Journal, si. 309. 
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of a lamp ; or immerse the ball of the vessel in hot water — the 
spirits of wine will expand and rise in the narrow neck. 

85. Liquids differ also in their relative expansibilities : ether 
Their relative * s more expansible than spirit of wine, and spirit more than 
tirdimrrent water > an d water more than mercury. Those liquids are gene- 
rally most expansible which boil at the lowest temperature. 

Ksp This may be rendered evident by partially filling several 

glass tubes of equal diameters, furnished with bulbs, with the 
different liquids and placing them in hot water, as the liquids 
expand, they will rise to different heights in the tubes. To 
render this more apparent the liquids may be tinged with some 
colouring matter. 

Agrifonn 86. The expansion of aeriform bodies may be shown by fill- 
bodies. ing the body of the vessel (fig. 10) with water and, keeping the 

E * p ‘ finger over the orifice of the neck, inverting it in a vessel of 

water, the air will rise and occupy the body of the vessel, apply 
the heat of a lamp, and the air will expand and cause the water 
to descend in the neck of the vessel. 

If a bladder filled with air, the neck of which is closely tied, 
^p* be held before a fire, it will become fully distended, and may even 
be burst by continuing and increasing the heat. 

87. In all pure gaseous bodies, the rate of expansion for 
JLwVn"" similar increase of temperature is similar : 100 measures of air, 
moog pure when heated from the freezing to the boiling point of water, 

suffer an increase in bulk=37,5 parts at mean pressure. 

All bodies, after being heated, return again on cooling pre- 
cisely to their former dimensions. 

The experiments of Gay Lussac have proved that steam and 
all vapours are subject to laws of expansion similar to those of 
air, — hence the table showing the changes of bulk suffered by 
100000 parts of air at all temperatures between 32° and 212° 
will equally apply to all gases and vapours. See Tables . 

88. The expansion of liquids is not equable for equal addi- 
tions of heat at different temperatures. Thus the addition of 5° 

heat *° a l c °h°l at 40°, will produce a less relative increase of 
equally. bulk than the same addition of heat to alcohol of 150°; and in 
general, the nearer a liquid approaches its boiling point, the 
greater is its expansibility. Those liquids therefore appear most 
equably expansible which have the highest boiling points, and 
hence one of the great advantages of mercury, as will presently 
be seen, in constructing thermometers. 

89. As heat increases the bulk of all bodies, it is obvious 
^dterlTby that change of temperature is constantly producing changes in 
te«^ b eAtare 0f their density or specific gravity, as may be easily demonstrated 

per* re. g u j^ g w h ere tjjere is freedom of motion among the particles. 
If we apply heat to the bottom of a vessel of water, that portion 
of the fluid, which is nearest to the source of heat, is expanded, 
and becoming specifically lighter, ascends, and is replaced by 
a colder portion from above. This, in its turn, becomes heat- 
ed and dilated, and gives way to a second colder portion ; and 
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to the process goes on, as long as the fluid is capable of im- 
bibing heat. In air, similar currents are continually produced, 
and the vibratory motion observed over chimney pots, and 
slated roofs which have been heated by the sun, depends upon 
this circumstance : the warm air rises, and its refracting power 
being less than that of the circumambient colder air, the currents 
are rendered visible by the distortion of objects viewed through 
them. 

90. The ventilation of rooms and buildings, can only be 
perfectly effected by suffering the heated and foul air to pass off 
through apertures in the ceiling, while fresh air, of any desired 
temperature, is admitted from below. Various contrivances 
bare been resorted to, to prevent the passage of cold air from 
above downwards through the ventilator, which can only be 
completely effected by keeping the ventilating tubes at a higher 
temperature than the surrounding air ; heating them, for in- 
stance, by steam ; passing them through a fire ; or plaeing a 
lamp beneath them, of sufficient dimensions to cause a strong 
current upwards. 

91. To the general law of the expansion of bodies by heat 
and their contraction by cold, there are, however, several ex- 
ceptions. Water has attained its maximum of density at 40°, 
and if it be cooled below 40° it expands as the temperature 
diminishes, as it does when heated above 40°; and the rate of 
this expansion -ia equal for any number of degrees above or be- 
low its maximum of density, so that the bulk of water at 32° and 
at 43° will be the same. Accordingly, if two thermometer 
tubes, one containing spirit of wine, and the other water, be im- 
mersed into melting snow, the former will sink till it indicates 
32 3 ; but the latter when it has attained 40° begins to expand, 
and continues so to do till it freezes. 

This anomaly in respect to water is productive of very im- 
portant consequences, in preserving the depths of rivers and 
lakes of a temperature congenial to their inhabitants. 

92. There are many liquids which suffer considerable ex- 
pansion in passing into the solid state. This is the case with 
the greater number of saline solutions, and remarkably with 
water; it seems connected with the phenomena of crystalliza- 
tion, and is referable to a new arrangement of particles. That 
the force with which water expands in the act of freezing is 
very considerable, is shown by the rupture of leaden and iron 
pipes in which it is suffered to freeze. Dr Thomson has shown 
that water in freezing suffers a much greater expansion than when 
heated from the freezing to the boiling point ; for the specific 
pavity of water at 60° being = 1, that of ice at 32° is only 0,92. 
Of the metals, Reaumur found that cast-iron, bismuth, and anti- 
mony, were expanded in becoming solid ; the rest contracted. 

93. If we mix equal quantities of the same fluid at different 
temperatures, the cold portion will expand as much as the hot 
portion contracts, and the resulting temperature is the mean; 
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so that it appears, that as much heat as is lost by the one portion 
is gained by the other. Upon this principle, thermometers m 
constructed. A common thermometer consists of a tube termi< 
nated at one end by a bulb, and closed at the other. The bait 
and part of the tube are filled with a proper liquid, generally 
mercury, and a scale is applied, graduated into equal parts 
Whenever this instrument is applied to bodies of the same tem 
perature, the mercury, being similarly expanded, indicates th< 
same degree of heat.* 

r * Tbe fluid best adapted for filling thermometers is mercury, which, though it expands leu i 
amount than air, or alcohol, still undergoes this change to a sufficient degree ; and, in consequence » 
its difficult conversion into vapour, may be applied to the admeasurement of more elevated temper) 
tores. As a considerable saving of expense will accrue to the experimentalist, who is able to eonstrw 
mercurial thermometers, I shall offer some rules for this purpose. In general, however, I shoal 
deem it preferable merely to superintend their construction, and to be satisfied, by actual inspectio 
that the necessary accuracy is observed ; because mucb time must be unavoidably lost, in acquirii 
the manual skill which is essential to construct them neatly. 

Thermometer tubes may be had at tbq glass-house, and of various philosophical instrument makei 
In purchasing them, those should be rejected that are not hermetically sealed at both ends; becau 
tbe smallest condensation of moisture, which must take place when air is freely admitted within tl 
tube, is injurious to the accuracy of the instrument. A small bottle of elastic gum should be provide 
in tbe side of which a brass valve is fixed, or a piece of brass perforated by a small hole, to be occ 
sionally stopped by the finger. A blow-pipe is also an essential part of the apparatus ; and, in ad< 
tion to one of tbe ordinary kind, it will be found useful to have one, which is supplied with air bj 
pair of double bellows, worked by the foot. 

Before proceeding to the construction of the thermometer, it is necessary to ascertain, that the tu 
is of equal diameter in different parts. This is done by breaking off both of tbe sealed ends, immersi 
one of them an inch or two deep in clean and dry mercury, and then closing tbe other end with 1 
finger. On withdrawing the tube from the mercury, a small column of that fluid reraaii » iu it, t 
length of which is to be examined, by laying the tube horizontally on a graduated ruler.* Bj inclini 
the tube, this column may be gradually moved through its whole length ; and if the tube be of unifo 
bore it will measure tbe same in every part. Such a degree of perfection, however, is scarcely ei 
to be observed throughout tubes of considerable length ; but, in general, a portion of the tube « 
be found perfect, of sufficient length for a thermometer, and this part is to be broken off. 

On one end of the tube, let tbe neck of the elastic bottle be firmly tied ; and let tbe other end 
/ heated by the flame of the blow-pipe, till the glass softens. The softened part must then be press 

by a clean piece of metal, into the form of a rounded button ; and to this the flame of the lamp m 
be steadily applied, till it acquires a white heat, and seems about to enter into fusion. To prev 
its falling on one side, tbe tube, during this time, must be constantly turned round by tbe ha 
When the heated part appears perfectly soft, remove it quickly from tbe lamp, and holding tbe t 
vertically, with the elastic bottle uppermost, press this last gently with the hand. The glass will 
blown into a small ball, but not into one sufficiently thin for the purpose. To this tbe flame ot 
lamp must again be applied, turning it quickly round ; and on tbe second or third repetition ol 
process of blowing, the ball will be completely formed. Tbe proportion of the size of the ball to 
bore of the tube can only be learned by some eipericnce. 

To fill the hall, which has been thus formed, with mercury, the air must first be expelled by bolt 
it over the flame of an Argand’t lamp, and then quickly immersing the open end of the tube in i 
clean and dry quicksilver. As tbe ball cools, the mercury will ascend, and will partly fill it. 
paper funnel be tied firmly over the open end of tbe tube ; into this pour a small portion of quicksU 
and apply the heat of the lamp to the bull. Any remaining portion of air will thus he expelled ; ai 
the heat he raised so as to boil the mercury, the ball and stem will be filled with mercurial vapour, 
condensation of which, on removing the ball from tbe lamp, will occasion a pretty complete vaci 
Into this vacuum, quicksilver will descend from the paper cone ; and the instrument will be cotnplc 
filled. But for tbe purpose of a thermometer, it is necessary, that tbe mercury should rise only 
certain height of tbe stem ; and a few drops may, therefore, he expelled by cautiously applying 
heat of the lamp. To estimate whether the proper quantity of quicksilver has been left in tbe ini 
ment, immerse the ball, first in ice-cold water, and then in the mouth. The space between tbese 
points will comprise about 64 degrees, or rather more than one-third of the whole space betweei 

* If tbe tube be of an extremely small bore, the mercury will not enter, and must be drawn t 
x tbe action of tbe elastic bottle, and not by tbe mouth. 
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94 . In dividing the scale of a thermometer, the two fixed 
points usually resorted to are the freezing and boiling of water, 
which always takes place at the same temperature, when under 
the same atmospheric pressure. The intermediate part of the 
scale is divided into any convenient number of degrees ; and it 
is obvious, that all thermometers thus constructed will indicate 
the same degree of heat when exposed to the same temperature. 

In the centigrade thermometer, this space is divided into 100°; 
the freezing of water being marked 0°, the boiling point 100°. 

In this country we use Fahrenheit’s scale, of which the 0° is 
placed at 32° below the freezing of water, which, therefore, is 
marked 32°, and the boiling point 212°, the intermediate space 
beiog divided into 180°. Another scale is Reaumur’s ; the 
freezing point is 0°, the boiling point 80°. These are the prin- 
cipal thermometers used in Europe and this country. — j 

95. Each degree of Fahrenheit’s scale is equal to $ ths of a de- Rnlei fnr 
gree on Reaumur’s : if, therefore, the number of degrees on 
Fahrenheit’s scale above or below the freezing of water be mul- mometem. 
tiplied by 4 and divided by 9, the quotient will be the corres- 
ponding degree of Reaumur. 

Fahrenheit. Reaumur. 

. 68°— 32°= 36x4=144+9=16° 

212°— S2°=l 80x4=720+9=80° 

u. taiTug point! of water. If the empty part of the tube exceeds, in length, about three / 
the portion thtn filled by the expanded quicksilver, we may proceed (when an instrument is 
wanted with a scale including only from 3^* to 212°) to teal it hermetically, which is done as follows: 

Tbe part to be sealed, ia first heated with a blow-pipe, and drawn out to a fine capillary tube : the 
belb is then heated till a few particles of quicksilver have fallen from the top of the tube : at this 
*>«ent, the dame of another candle is directed, by tbe blow-pipe, on the capillary part of the tube, 
the caadle is withdrawn from the ball, and the tube is sealed, at the instant when the mercury begins 
te descend. If this operation has been skilfully performed, so as to leave no air in the tube, the whole 
of the tube should be filled with quicksilver on bolding the instrument with the ball uppermost. 

T» have very large degrees, the ball roust bear a considerable proportion to the tube ; but this 
nie&t of scale cannot he obtained without sacrificing, ia some measure, the sensibility of the iostru- 
The whole of tbe process of constructing thermometers neatly and accurately is connected 
with the possession of manual skill, which practice only can confer ; and it is scarcely possible, with- 
cst the most tedious minuteness, to describe all the necessary precautions and manipulations. These 
riil readily suggest themselves to a person who carries the above instructions into effect. 

la graduating thermometers, the first step consuls in taking the two fixed points. Tbe freexing 
peut is ascertained by immersing in thawing snow or ice, the ball and part of tbe stem ; so that the 
■wtury, when stationary, shall barely appear above the surface. At this place let a mark be made 
with s file. In taking the boiling point, considerable caution is reqoired ; and, for reasons which will 
tfenrards be stated, attention must be paid to the state of the barometer, the height of which, at tbe 
line, should be precisely 39,8. A tin vessel is to be provided, (for according to Gay Losssc.f one 
cf glass leads to erroneous results,) four or five inches longer than the thermometer, and furnished 
with a cover, in which s ire two holes. Through one of these, the thermometer stem most be passed, 

(the belb being within the vessel,) so that the part, at which tbe boiling point is expected, may be just 
“ fight The other hole may be left open, and the cover being fixed in its place, the vessel, contain- 
a few inches of water at the bottom, is to be set on the fire. Tbe thermometer will presently be 
wholly surrounded by steam ; and when the mercury becomes stationary in the stem, its place must 
b* narked. The scale of Fahrenheit is formed by transferring tbe intermediate space to paper by a 
pwref compasses, and dividing it into ISO 4 , tbe lowest being called S3 4 and the highest 313°. H. 1. 94* 

* Directions for constructing thermometers of great sensibility are given by the Chevalier Landri- 4 
••i ia the 7th vol. of the Journal of Science, p. 183. - 1 

t& la. de Ch. 174, and 7 An. de Ch. et Pbys. 307. 
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To reduce the degrees of Reaumur, to those of Fahrenheit, 
they are to be multiplied by 9, and divided by 4. 

Reaumur. Fahrenheit. 

16°x9=144h-4= 36°+32°=68 
80°x9=720-i-4=180 o +32 o =212 

Every degree of Fahrenheit’s is equal to $ of a degree on the 
centigrade scale ; the reduction, therefore, is as follows : 

Fahrenheit. Centirrade. 

212 — 32= 180X5=900-1-9= 100° 

Centigrade. Fahrenheit 

100x9=900+5=180+32=212° 

Advantage of 96. When a thermometer is intended to measure very low 
•pint of wine, temperatures, spirit of wine is employed in its construction, as 
that fluid has never been frozen, whereas the low temperature 
at which it boils renders it unfit for measuring high tempera- 
tures. Quicksilver will indicate 500°, but freezes at 40°. 

97. Air is sometimes resorted to as indicating very small 
changes of temperature. The instrument employed by Sancto- 
Saoctono. rio, to whom the invention of the thermometer is generally 
ascribed, was of a very simple kind, and measured vJHations oi 
temperature by the variable expansion of a confined portion ol 
p,1 « air. To prepare this instrument, a glass tube (fig. 12) is to be 
provided, eighteen inches long, open at one end, and blown intc 
a ball at the other. On applying a warm hand to the ball, the 
included air expands, and a portion is expelled through the open 
end of the tube. In this state, the aperture is quickly immersed 
in a cup filled with any coloured liquid, which ascends into the 
tube, as the air in the batl contracts by cooling. The instrument 
is now prepared. An increase of temperature forces the liquo: 
down the tube ; and, on the contrary, the application of cole 
causes its ascent. These effects may be exhibited, by alternately 
applying the hand to the ball, and then blowing on it with a paii 
of bellows. By the application of a graduated scale, the amoun 
of the expansion may be measured. 

The ball of the instrument, it must be obvious, cannot b< 
Air tMiw convenient, y a pphed to measure the temperature of liquids! Fo 
monoeterfor adapting it to this purpose, a slight variation may be made in it 
Kioto- construction, as represented fig. 27. To prepare this instrument 
a small spherical glass vessel is to be! about one 6th or one 4tl 
filled with any coloured liquid. The tube, open at both ends, i 
then to be cemented into the neck, with its lo^er aperture be 
neath the surface of the fluid. The expansion of the include< 
air drives the liquid up the*tem, to which we may affix a grad 
uated scale, corresponding with that of a common mercuris 
thermometer. Other modifications have also been made by diJ 
ferent philosophers. One of the. most useful and simple form 
is represented fig. 28 . It consists merely of a tube of ver 
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small bore, from 9 to 12 inches long, at one end of which is 
blown a baH, from halfao inch to an inch in diameter, which is 
afterwards blackened by paint, or by the smoke of a candle. A 
small column of coloured liquid, about an inch in length, is then 
introduced, by a manipulation similar to that already described. 

To fit the instrument for use, this column ought to be stationa- 
ry, about the middle of the tube, at the common temperature of 
the atmosphere. The slightest variation of temperature occa- 
sions the movement of the coloured liquid ; and a scale of equal 
parts measures the amount of the effect. 

An insuperable objection, however, to the air thermometer, ohjecuonu 
as thus constructed, is, that it is effected, not only by changes theiru#e ‘ . 
of temperature, but by variations of atmospheric pressure. Its 
utility consists in the great amount of the expansion of air, 
which, by a given elevation of temperature, is increased in bulk 
above twenty times more than mercury. Hence it is adapted 
to detect minute changes of temperature, which the mercurial 
thermometer would scarcely discover, and its expansions being 
uniform for equal additions of heat, it is better adapted than any 
liquid for becoming, when properly applied, an accurate measure 
of temperature. 

98. An important modification of the air thermometer has been L „ r , e . g air- 
invented by Mr Leslie, and employed by him, with great ad- J^£J ther ‘ 
vantage, in his interesting researches respecting heat. To this n, ° n * 
instrument, he has given the name of the Differential Ther- 
mometer, fig. 13. It consists of two large glass bulbs contain- 
ing air, united by a tube twice bent at right angles, containing 
coloured sulphuric acid. When a hot body approaches one of 

the bulbs, it drives the fluid towards the other. The great ad- 
vantage of this instrument In delicate experiments is, that gen- 
eral changes of the atmosphere’s temperature do not affect it, 
but it only indicates the difference of temperature between the 
two balls. 

99. A differential thermometer has been contrived by Dr 
Howard resembling that of Mr Leslie in its general form, fig 16, How * ^d, ’ 
but in which the degree of heat is measured by the expansive 

force of the vapour of ether or spirit of wine in vacuo . Direc- 
tions for constructing it are given in the 8th vol. of the Quarterly 
Journal of Science, p. 219. It is intended to be applied to the 
same purposes as that of Mr Leslie, but is more sensible to 
changes of temperature* and the movement of the fluid (ether 
tinged by a drop of tincture of cochineal), follows instantaneous- 
ly the application of the heating cause, whereas in the air ther- 
mometer some time is required before the effect takes place. 

H.1.94. . * 

100. The relative quantities of heat which different bodies in 

the same state require to raise them to the same thermometric ^Trlc! 1 
temperature, is called their specific heat, and those bodies which 
require most heat are said to have the greatest capacity for heat, c.padty. 
That the quantity of heat in different bodies of the same temper- 
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ature is different, was first shown by Dr Black, in his lectures 
at Glasgow in 1762. 

101. It has been stated (93) as a proof of the accuracy of the 
thermometer, that equal volumes of the same fluid, at different 
temperatures, give the arithmetical mean, on mixture. Thus, 
the temperature of a pint of hot and a pint of cold water is, after 
mixture, as near as possible half-way between the extremes. 
The cold water being of a temperature of 50°, and the hot of 100°, 
the mixture raises the thermometer to 75°. But if a pint of 
quick-silver at 100° be mixed with water at 50°, the result- 
ing temperature is not 75°, but 70° ; so that the quicksilver has 
lost 30°, whereas the water has only gained 20°. Hence, it 
is said, that the capacity of mercur}' for heat is less than that of 
water ; and if the weight of two bodies be compared, which are 
as 13,3 to 1, their capacities will be to each other as 19 to 1. 

102. In cases where the specific heat of bodies is to be ascer- 

tained, it is convenient that water should be the standard of 
comparison, or=l. The following is a general formula for de- 
termining the specific heat of bodies, from the temperature re- 
sulting from the mixture of two bodies at unequal temperatures, 
whatever be their respective quantities. Multiply the weight 
of the water by the difference between its original temperature, 
and that of the mixture : also, multiply the weight of the other 
liquid by the difference between its temperature and that of the 
mixture: divide the first product by the second, and the quo- 
tient will express the specific heat of the other substance, that 
of water being ■= 1. Thus, 20 ounces of water at 105°, mixed 
with 12 ounceso f spermaceti oil at 40°, produce a temperature 
of 90°. Therefore, multiply 20 by 15 (the difference between 
105 and 90) = 300. And multiply 12 by 50 (the difference 
between 40 and 90) = 600. Then 300, 600 =£, which is 

the specific heat of oil ; that is, water being = 1, oil is = 0,5. 

103. The capacities of bodies for heat have considerable influ- 
ence upon the rate at which they are heated and cooled. Those 
bodies which are most slowly heated and cooled have generally 
the greatest capacity for heat. Thus, if equal quantities of wa- 
ter and quicksilver be placed at equal distances from the fire, 
the quicksilver will be more rapidly heated than the water, 
and the metal will cool most rapidly when carried to a cold 
place. Upon this principle, Professor Leslie ingeniously deter- 
mined the specific heat of bodies, observing their relative times 
of cooling a certain number of degrees, comparatively with 
water, under similar circumstances. 

M. M. Petit and Dulong have published some important re- 
searches on the subject of specific heat, which render it probable 
that the atoms of all simple substances have exactly the same 
capacities for heat. 

104. Lavoisier and La Place endeavoured to ascertain the spe- 
cific heat of bodies by the relative quantities of ice which they 
were capable of thawing, during cooling : thus, if a pint of water 
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10 cooling from 212° to 32° melted a pound of ice, and a pint of Laroi$ier’s 

011 in passing through the same range of temperature only gaye metbod ’ 
oat heat enough to thaw half a pound of ice, it was concluded 

that the specific heat of water being = 1, that of the oil was = 

0. 5. The instrument which they employed in these researches, 
and which is fully described in Lavoisier’s Elements of Chem - 
t>/ry, is not however, susceptible of accuracy, for Mr Wedg- 
wood has shown that it is scarcely possible to separate the water 
from the ice. — Phil . Trans. Vol. lxxiv. 

105. The capacity of gases and vapours differs with the nature 
of the gas, and with its density. In gases, dilatation produces 

cold, and compression excites heat. A thermometer suspended 4uc?s cold, 
in the receiver of the air-pump sinks during exhaustion, and tear** 10 * 
sudden compression of air produces heat sufficient to inflame 
tinder. In liquids, too, condensation diminishes capacity for 
heat; hence the mixture of spirit and water, and of sulphuric 
acid and water evolves heat. (42) The increased capacity which 
air acquires by rarefaction has its influence in modifying natural 
temperatures. The air, becoming rarer as it ascends, absorbs 
its own heat and hence becomes cold in proportion as it recedes 
from the earth’s surface: thus moisture, rain, or snow are 
thrown down on the mountain-tops. 

106. Caloric escapes from bodies in two different modes. — luaiantheat. 
Part of it finds its way through space, independently of other 
matter, and with immeasurable velocity. In this state it has 

been called radiant heat, or radiant caloric. 

107. Radiant caloric exhibits several interesting properties. 

1. Its reflection. Those surfaces, that reflect light most per- Reflection 
fectly, are not equally adapted to the reflection of caloric. <ydonc 
Thus, a glass mirror, which reflects light with great effect when 

held before a blazing fire, scarcely returns any heat, and the 
mirror itself becomes warm. On the contrary, a polished plate 
of tin, or a silver spoon, when similarly placed, reflects, to the 
hand, a very sensible degree of warmth ; and the metal itself 
remains cool. Metals, therefore, are much better reflectors of 
caloric than glass ; and they possess this property, exactly ac- 
cording to their degree of polish. 

108. Caloric is reflected according to the same law that 
regulates the reflection of light. This is proved by an interesting 
experiment of M. Pictet ; the means of repeating which may be 
attained at a moderate expense. Provide two reflectors of plan- 
ished tin, ( a and 5, fig. 24), which may be 12 inches diameter, P1 . 
and segments of a sphere of nine inches radius. Parabolic mir- 
rors are still better adapted to the purpose, but their construction 

is less easy. Each of these must be furnished, on its convex 
side, with the means of supporting it in a perpendicular position 
on a proper stand. Place the mirrors opposite to each other on E , p . 
a table, at the distance of from six to 12 feet. Or they may be 
placed in a horizontal position, as represented in the fourth plate 
to Sir H. Davy’s Chemical Philosophy, an arrangement in some 
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respects more convenient. In the focus of one, let the ball of an 
air thermometer, or (which is still better) one of the balls of a 
differential thermometer, be situated ; and in that of the other, 
suspend a ball of iron, about four ounces in weight, and heated 
below ignition, or a small matrass of hot water ; having pre- 
viously interposed a screen before the thermometer. Immedi- 
ately on withdrawing the screen, the depression of the column of 
liquid, in the air thermometer, evinces an increase of tempera- 
ture in the instrument. In this experiment, the caloric flows 
first from the heated ball to the nearest reflector ; from this it is 
transmitted, in parallel rays, to the surface of the second reflec- 
tor, by which it is collected into a focus on the instrument. This 
is precisely the course that is followed by radiant light ; for if the 
flame of a taper be substituted for the iron ball, the image of the 
candle will appear precisely on that spot, (a sheet of paper being 
presented for its reception), where the rays of caloric were be- 
fore concentrated. H. 1. 102. 

109. When a glass vessel, filled with ice or snow, is substi- 
Eip. tuted for the heated ball, the course of the coloured liquid in the 

thermometer will be precisely in the opposite direction ; for its 
ascent will show, that the air in the ball is cooled by this arrange- 
ment. This experiment, which appears, at first view, to indi- 
cate the reflection of cold, presents, in fact, only the reflection 
of heat in an opposite direction ; the ball of the thermome- 
ter being, in this instance, the hotter body. “ And since heat 
emanates from bodies in quantities greater as their temperature 
is higher, the introduction of a cold body into the focus of one 
mirror, necessarily diminishes the temperature of a thermom- 
eter in the focus of the other, in the same manner as a black 
body, placed in the focus of the one, would diminish the quantity 
of light in the focus of the other/** 

110. Radiation goes on in all elastic media, and in the Tor- 
Radiation in ricellian and air-pump vacuum, as may be shown by igniting 

and * th ^Tor- charcoal by means of the Voltaic battery, placed in the focus of 
riceiiian a small mirror confined in the exhausted receiver of the air- 
pump. Sir H. Davy found that the receiver being exhausted 
to tJti the effect upon the thermometer in the opposite focus 
was nearly three times as great as when the air was in its 
P1 , natural state of condensation, fig. 19, a is the receiver, b b the 
insulated wires connected with the voltaic apparatus igniting the 
charcoal in the focus of the upper mirror c. In the focus of 
the lower mirror d is the thermometer e. 

111. The nature of the surface of bodies has an important 
influence over their power of radiating caloric. 

fr” e of ln £>ur 1 12. It has long been known, in regard to solar rays, that 
» r s with°re' their heating effect depends much upon the colour of the surfaces 
IciaVwkSI" u P on which they impinge, and that black and dark bodies are 
more heated than those which are white or of light tints, cir- 
cumstances dependent upon absorption and reflection. 

•Davy’s Chen*. Philos, p. 206. 
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To exhibit this influence experimentally, let a canister of 
planished block tin, forming a cube of six or eight inches, be 
provided, having an orifice at the middle of its upper side, from 
half an inch to an inch diameter, and the same in height. This 
orifice is intended to receive a cap having a small hole, through 
which a thermometer is inserted, so that its bulb may reach the 
centre of the canister. Let one side of the canister be covered 
with black paint; destroy the polish of another side, by scratch- Exp. 
ing it with sand-paper; tarnish a third with quicksilver; and 
leave the fourth bright. Then fill the vessel with boiling water. 

The radiation of caloric from the blackened side is so much 
more abundant than from the others, as to be even sensible to the 
hand. Place it before a reflector (fig. 24) in lieu of the heated pi. 1 . 
iron ball already described. The thermometer, in the focus of 
the second reflector, will indicate the highest temperature, or 
roost copious radiation of caloric, when the blackened side is pre- 
sented to the reflector; less, when the tarnished or scratched side- 
is turned towards it ; and least of all from the polished side. H. 

113. In these experiments nearly the whole of the heat is 

reflected, and the mirror itself does not become warm : but if it d ®f 

be coated w ith any unpolished, and especially unmetallic coating, to p ™ 9 p £‘ 
as with paper, or paint, the reflection is then scarcely perceptible gree of ab- 
and the mirror becomes hot from the absorption of the radiant 8orpUo11, 
matter. 

In Professor Leslie’s experiments it was found, that a clean 
metallic surface produced an effect = 12 upon the thermometer. 

When covered with a thin coat of glue, its radiating power w as 
so far increased as to produce an effect = 80 ; and, on covering it 
with lamp-black, it became = 100. 

In these cases of radiation, the colour of the surface does not R#diation in _ 
interfere, and the different effects must be referred to the me- dependent ‘of 
chanical structure of the radiating surface. White paper and co 

lamp-black produce nearly the same effects ; and paper, coloured 
blue, red, yellow, and green, does not differ in radiating power 
from that which is white, provided the colour produces no 
change of texture in the paper. 

114. The connexion of the receptive with the radiating pow- 
er is made obvious by coating the bulbs of thermometers with 
different substances. Thus the effect of radiant heat upon a 
thermometer bulb covered with a thin coating of lamp-black 
being = 100; when the bulb is covered with silver-leaf the 
effect is only = 12. M. M. Dulong and Petit, in their valuable 
Memoir on Heat , which gained the prize-medal of the Academy 
of Sciences for 1818, have detailed a variety of important facts 
upon the subject of the radiation of surfaces. 

115. The varieties in the radiating power of different surfaces, Rftl#ofcoo i. 
are attended, as might he expected, %vith corresponding varia- ing intliu need 
lions in the rate of cooling . If water in a tin vessel, all of of surface, 
whose sides are polished, cools through a given number of de- 
grees in eighty-one minutes, it will descend through the same 
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Vessels in- 
tended to re- 
tain caloric 
should be 
clean ard 
metallic. 


Exp. 


number in seventy-two minutes, if the surface be tarnished with 
quicksilver. Water, also, enclosed in a clean and polished tin 
ball, cools about twice more slowly than water in the same ball 
covered with oiled paper. Blackening the surface with paint, 
or even a thin coat of varnish, on the same principle, (112) ac- 
celerates greatly the rate of cooling. H. 1. 104. 

It is obvious, from these facts, that all vessels intended to 
retain heat, should be clean, and metallic, for polished metallic 
surfaces have very low radiating powers ; whereas those vessels 
which are either to receive, or to radiate, should be blackened 
upon their surfaces. The knowledge of these properties is 
economically applicable in a variety of cases. 

116. Radiant caloric is absorbed with different facility by 

of different surfaces. This is only stating, in other terms, that 

•Mtfaee? by sur ^ aces are endowed with various powers of reflecting caloric, 

since the power of absorbing caloric is precisely opposite to 
that of reflecting it. Hence the best reflectors of heat will 
absorb the least. It may be proper, however, to offer some 
illustrations of the principle under this form. 

Expose the bulb of a sensible thermometer to the direct rays 
of the sun. On a hot summers day it will probably rise, in this 
climate, (Eng.) to 108°.* Cover it with India ink, and again 
expose it in a similar manner. During the evaporation of the 
moisture, it will fall ; but as soon as the coating becomes dry, 
it will ascend to 118°, or upwards, of Fahrenheit, or 10° higher 
than when uncovered with the pigment. This cannot be ex- 
plained by supposing that the black coating is gifted with the 
power of retaining caloric, and preventing its escape ; because, 
from experiments already related, it appears, that a similar 
coating accelerates the cooling of a body to which it is applied. 

117. Colour has considerable influence over the absorption of 
This is shown by the following very simple experi- 
ment of Dr Franklin. 

On a winter’s day* when the ground is covered with snow, 
take four pieces of woollen cloth, of equal dimensions, but of 
different colours, viz. black, blue, brown, and white, and lay 
them on the surface of the snow, in the immediate neighbour- 
hood of each other. In a few hours, the black cloth will have 
sunk considerably below the surface; the blue almost as much; 
the brown evidently less ; and the white will remain precisely 
in its former situation. Thus it appears that the sun’s rays are 
absorbed by the dark coloured cloth, and excite such a durable 
heat, as to melt the snow underneath ; but they have not the 
power of penetrating the white. Hence the preference, gener- 
ally given to dark coloured cloths during the winter season, 
and to light coloured ones in summer, appears to be founded on 
reason. H. 105. 

118. When different bodies are exposed to the same source 


Absorption 
of caloric in- /»o Inrip 
fluenced by 
colour. 


Exp. 


Condoci 


2 * 


power 

-a lor c alo- 


of heat, they suffer it to pass through them with very different 


* Watson’* Essays, v. 193. 
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degrees of velocity or they have various conducting powers in 
tegsrd to heat. Among solid bodies, metals are the best con- 
ductors ; and silver, gold, and copper are better conductors than 
platinum, iron, and lead. Next to the metals, we may, perhaps, 
place the diamond, and topaz ; then glass ; then siliceous and 
hard stony bodies in general ; then soft and porous earthy bodies, 
and wood ; and lastly, down, feathers, wool, and other porous 
articles of clothing. 

119. To compare the relative conducting powers of metals, Methodofde _ 
and some other solids, small cones of the different substances termimng thi. 
may be used about three inches high, and half an inch in diam- 
eter at their bases : these may be tipped at the apex with a small 
piece of wax, and being placed on a heated metallic plate, will 
indicate the conducting powers by the relative times required 
to fuse the wax, which will be directly, as the power of conduct- 
ing heat. 

The difference between the conducting power of the diamond 
and rock crystal or glass, is shown by applying the tongue 
to those substances, when the former feels colder than the 
latter. 

From the experiments of Professor Mayer, of Erlangen, 

(Annates de Chimie , tom. xxx.) it would appear that the con- 
ducting powers of different woods is in some measure inversely 
as their specific gravities, as shown by the following table, 
water being assumed as = 1. — - — * 



Conducting Power. 

Specif. Grar. 

Water 

. . . ltf ... 

. . . 1,000 

Ebony Wood . . 

. . . 21,7 . . . 

. . . 1,054 

Apple tree. . . . 

. . . 27,4 . . . 

. . . 0,639 

Ash 

. . . 30,8 . . . 

. . . 0,631 

Beech 

. . . 32,1 . . . 

. . . 0,692 

Hornbeam .... 

. . . 32,3 . . . 

. . . 0,690 

Plum tree .... 

. . . 32,5 . . . 

. . . 0,687 

Elm 

. . . 32,5 . . . 

. . . 0,646 

Oak 

. . . 32,6 . . . 

. . . 0,668 

Pear tree ...» 

. . . 33,2 . . . 

. . . 0,603 

Birch 

. . . 34,1 . . . 

. . . 0,608 

Silver fir .... 

. . . 37,5 . . . 

. . . 0,495 

Alder 

. . . 38,4 . . . 

. . . 0,484 

Scotch fir ... . 

. . . 38,6 . . . 

. . . 0,408 

Norway Spruce . 

. . . 38,9 . . . 

. . . 0,447 

Lime 

. . . 39,0 . . . 

. . . 0,408 


Table of con- 
ducting pow- 
ers. 


Count Rumford’s experiments on the conducting power of condoling 
several substances used as clothing offer some interesting results, 

(Phil. Trans. 1792 .) He found that a thermometer enclosed Juncc*? 
in a tube and bulb of the same shape, but large enough to allow 
of an inch vacant space between the two, being previously heat- 
ed, required 576 seconds to cool 135 °. When 16 grains of lint 
were diffused through the confined air, it took 1032 seconds to 
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undergo the same change of temperature; and 1305 seconds, 
with the same weight of Eider-down. The compression offloc- 
culent substances to a certain extent, renders them still inferior 
conductors : thus, when the space which in the above experi- 
ments contained 16 grains of Eider-down was filled with 32, 
and then with 64 grains, the times required for the escape of 60 
degrees of heat were successively increased from 1305" to 1472" 
and 1615". 

Effect of tex- On the other hand to show the effect of mere texture, similar 
comparative trials were made of the conducting powers of equal 
weights of raw silk, of ravelings of while taffeta, and of common 
sewing silk, of which the first has the finest fibre, the second 
less fine, and the third from being twisted and harder is much 
coarser. The difference between these three modifications of 
the same substance is very striking, the raw silk detaining the 
heat for 1284", the taffeta ravelings 1169", and the silk thread 
only 917". — Aikin’s Diet. Art. Caloric. 

120. The different conducting powers of bodies in respect to 
heat, are shown in the application of wooden handles to metallic 
vessels ; or a stratum of ivory or wood is interposed between 
the hot vessel and the metal handle. The transfer of heat is 


thus prevented. Heat is confined by bad conductors ; hence 
clothing for cold climates consists of woollen materials; hence, 
too, the walls of furnaces are composed of clay and sand. — 
Confined air is a very bad conductor of heat ; hence the advan- 
tage of double doors to furnaces, to prevent the escape of heat; 
and of a double wall, with an interposed stratum of air, to an 
icehouse, which prevents the influx of heat from without. 
Sensations of From the different conducting powers of bodies in 

SitlSdwiS. respect to heat, arise the sensations of heat and cold experienced 
upon their application to our organs, though their thermome- 
tric temperature is similar. Good conductors occasion, when 
touched, a greater sensation of heat and cold than bad ones. 
Metal feels cold because it readily carries off the heat of the 
body ; and we cannot touch a piece of metal immersed in air of 
a temperature moderate to our sense. 

Liquids and 122. Liquids and gases are very imperfect conductors of heat, 
Fe“ e# cooSi£ an< * * s S eneral| y distributed through them by a change of 
tors. 00 specific gravity ; by an actual change in the situation of their 
particles. (89.) 

£i j Take a glass tube, eight or ten inches long, and about an inch 

in diameter. Pour into the bottom part, for about the depth of 
an inch, a little water tinged with litmus, and fill up the tube 
with common water, pouring on the latter extremely gently, so 
as to keep the two strata quite distinct. If the upper part of 
the tube be first heated, the coloured liquor will remain at the 
bottom ; but if the tube be afterwards heated at the bottom, 
tjie infusion will ascend, and will tinge the whole mass of fluid. 
Exp. s. Into a cylindrical glass jar, four inches in diameter, and 12 
or 14 deep, let a circular piece of ice be fitted 3£ inches thick, 
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sod of rather less diameter than the jar. Or water may be 
poured into the jar to the depth of inches, and allowed to 
congeal by exposure to a freezing atmosphere, or by surround* 
ing it with a mixture of snow and salt. The ice is to be secured 
in its place by two slips of wood, crossing each other like two 
diameters of a circle, set at right angles to each other. Pour, 
over the cake of ice, water of 32° temperature, to the depth of 
two inches ; and on its surface, let there float a shallow circular 
wooden box, perforated with holes. From the cock of a tea-urn, 
filled with boiling water, and raised so that its spout may be 
above the top of the jar, suspend a number of moistened threads, 
the lower ends of which must rest on the surface of the box — 
By this arrangement, when the cock is turned, the hot water will 
trickle down the threads, and will have its fall considerably 
broken. It will then spread over the surface of the box, and 
pass through the perforated holes to the cold water beneath, over 
which it will float without mixing with it. Let the jar be thus 
completely filled with hot water. The ice will remain unmelt- 
ed for several hours at the bottom of the vessel. 

Fill a similar jar with hot water; and having provided a cake 
of ice of equal size with the former one, let it be placed on the 
surface of the water. In about three minutes, the whole will bo 
melted. Both these experiments are more striking, if the water, 
used for forming the cakes of ice, bo previously coloured with 
litmus ; for, in the latter experiment, the descending currents 
of cold water are thus made apparent 

These experiments may be varied, by freezing, in the bottom 
of a tube one inch wide, a portion of water, about two inches in 
depth. Then fill the tube with water of the common tempera- 
ture, and hold it inclined over an Argand’s lamp, so that the 
upper portion only of the tube may be heated. When thus 
disposed, the water may be made to boil violently at the surface, 
and yet the ice will not be melted. But if the experiment be 
reversed, and (the ice floating on the surface) heat be applied to 
the bottom of the tube, the ice will be liquefied in a few seconds. 

Substituting water of the temperature of 41° for the boiling 
water used in experiment (3), Count Rumford found, that, in a 
given time, a much greater quantity of ice was melted by the 
cooler water. This appears, on first view, rather paradoxical. 
The fact, however, is explained by a remarkable property of 
water, viz . that, when cooled below 40°, it ceases to contract, 
and experiences on the contrary, an enlargement of bulk. 
Water, therefore, at 40°, (at the bottom of which is a mass of ice 
at 32°), is cooled by contact with the ice, and is expanded at the 
same moment It therefore ascends, and is replaced by a heavier 
and warmer portion from above. 

123. It is a consequence of the same property, that the surface 
of a deep lake is sometimes covered with ice, even when the 
water below is only cooled to 40°; for the superficial water is 
specifically lighter than the warmer water beneath it, and retains 
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its place, till it is changed into ice. This property of water is 
one of the most remarkable exceptions to the law, that bodies are 
expanded by an increase, and contracted by a diminution, of tem- 
perature. H. 1. 107. 

124. If we apply heat to the upper surface of any fluid, it will 
with great difficulty make its way downwards. 

Let an air thermometer be cemented into a glass funnel sup- 
ported as represented in fig. 14; cover the bulb of the instru- 
ment with water, and upon the surface of the water pour a small 
quantity of ether. The ether may be inflamed and the air ther- 
mometer will not be sensibly affected. 

125. Count Rumford considered fluids as perfect nonconduc- 
tors of caloric, and that they propagate caloric in one direction, 
viz . upwards in consequence of the motions which it occasions 
among the particles of fluid. The Count inferred also, that 
if these motions could be suspended, caloric would cease to pass 
through water ; and with the view of deciding this question, he 
made the following experiments, which admit of being easily re- 
peated. A cylindrical tin vessel must previously be provided, 
two inches in diameter, and 2£ inches deep, having a moveable 
cover, perforated with a small aperture, for transmitting the stem 
of a thermometer, which is to be inserted, so that its bulb may 
occupy the centre of the vessel. 

Fill this vessel with water of the temperature of the atmos- 
phere ; let the cover be put in its place ; and let the whole 
apparatus, except the scale of the thermometer, be immersed 
in water, which is to be kept boiling over a lamp. Observe how 
long a time is required to raise the water from its temperature 
at the outset to 180°, and remove it from its situation. Note, 
also, how long it takes to return to its former temperature. 

Repeat the experiment, having previously dissolved in the 
water 200 grains of common starch. The thermometer will now 
require about half as long again to arrive at the same temperature. 
A similar retardation, and to a greater amount, is produced by 
the mixture of eider-down, cotton-wool, and various other sub- 
stances, which are not chemically soluble in water, and which 
can diminish its conducting power in no other way than by ob- 
structing the motion of its particles. H. 108. 

126. The more accurate researches of Dalton, Hope, Murray, 
(System of Chemistry , Vol. i.,) and Thomson, (System oj 
Chemistry , Vol. i.) have demonstrated that they do conduct 
though very imperfectly. 

Thus, if we carefully pour hot oil upon water in a tall glass 
jar with delicate thermometers placed at different distances un 
der the surface, it will be found that those near the heated surfaci 
indicate increase of temperature: it might here be said that th< 
heat was conducted by the sides of the jar, and so communi 
cated to the water ; to obviate such objection Dr Murray mad< 
the experiment in a vessel of ice, which being converted int< 
water at 32°, cannot convey any degree of heat above 32 ' 
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downwards ; yet the thermometers were affected, as in the for- 
mer trial. 

127. Experiments on the conducting power of air are complex 
tod difficult, and the results hitherto obtained are unsatisfactory. 

128. Heat has great influence on the forms or states of 

bodies. When we heat a solid it becomes fluid or gaseous and dies inAuen* 
liquids are converted into aeriform bodies or vapours. Dr by °* ,a ' 
Black investigated this effect of heat with singular felicity, and 
bis researches rank among the most admirable efforts of experi- 
mental philosophy, (Black’s Lectures^ edited by John Robin - 
m, LL.D.) During the liquefaction of bodies, a quantity of 
heat is absorbed, which is essential to the state of fluidity, and 
which does not increase the sensible or thermometric tempera- 
ture. Consequently, if a cold solid body, and the same oody 
hot and in a liquid state, be mixed in known proportions, the 
temperature after mixture will not be the proportional mean, as 
would be the case if both were liquid, but will fall short of it 
much of the heat of the hotter body being consumed in ren- 
dering the colder solid, liquid , before it produces any effect 
upon its sensible temperature . 

129. Equal parts of water at 32°, and of water at 212° will 
produce on mixture a mean temperature of 122°. But equal parts 
of tcc at 32°, and of water at 212°, will only produce (after 
the liquefaction of the ice) a temperature of 52°, the greater 
portion of the heat of the water being employed in thawing the 
ice, before it can produce any rise of temperature in the mix- 
ture. To heat thus insensible or combined , Dr Black applied 
the term latent heat . The actual loss of the thermometric 
heat in these ca sea was thus estimated ; a pound of ice at 32° 
was put into a pound of water at 172° ; the ice melted, and the 
temperature of the mixture was 32°. Here the water was 
cooled 140°, while the temperature of the ice was unaltered ; 
that is, 140° of heat disappeared, their effect being not to in- 
crease temperature, but to produce fluidity. 

130. In all cases of liquefaction caloric is absorbed, and we c «d°b 
produce artificial cold, often of great intensity, by the rapid 
solution of certain saline bodies in water. Upon this principle 

the action of freezing mixtures depends, some of which may 
frequently be conveniently and economically applied to the 
purpose of cooling wine or water in hot climates, or where ice 
cannot be procured. 

Dilute a portion of nitric acid with an equal weight of F *? 
water; and, when the mixture has cooled, add to it a quantity 
of light fresh-fallen snow. On immersing the thermometer in 
the mixture, a very considerable reduction of temperature will 
he observed. This is owing to the absorption, and intimate 
fotion of the free calorie of the mixture by the liquefying snow. 

Mix quickly together eqoal weights of fresh-fallen snow 
at 32°, and of common salt, cooled, by exposure to a freezing tsf. 
atmosphere, down to 32°. The two solid bodies, on admixture, 
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will rapidly liquefy; and the thermometer will sink 32°, orO; 
or, according to Sir C. Blagden, to 4° lower.* To understand 
this experiment, it must be recollected, that the snow and salt, 
though at the freezing temperature of water, have each a con- 
siderable portion of uncombined caloric. Now salt has a strong 
affinity for water ; but the union cannot take place while the 
water continues solid. In order, therefore, to act on the salt, the 
snow absorbs all* the free caloric required for its liquefaction; 
and during this change, the free caloric, both of the snow and 
of the salt, amounting to 32°, becomes latent, and is concealed 
in the solution. This solution remains in a liquid state atO,or 
4° below 0 of Fahrenheit ; but if a greater degree of cold be 
applied to it, the salt separates in a concrete form. 

ilost neutral salts, also, during solution in water, absorb 
much caloric; and the cold, thus generated, is so intense as to 
freeze water, and even to congeal mercury. The former expe- 
riment, however, (viz. the congelation of water), may easily be 
repeated on a summer’s day. Add to 32 drachms of water, 11 
drachms of muriate of ammonia, 10 of nitrate of potash, and 16 
* of sulphate of soda, all finely powdered. The salts may be dis- 
solved separately, in the order set down. A thermometer, put 
into the solution, will show, that the cold produced is at, or be- 
low, freezing ; and a little water, in a thin glass tube, being im- 

r mersed in the solution will be frozen in a few minutes. H. 1.113. 
131. The following Table shews the results of some of Mi 
Walker’s experiments on this subject. See Philos. Trans, foi 
1787—88—89 —95 and 1801. 


Table of fri- 
forific mix- 
tures. 


i 

/ 

* Philosophical Transactions, lraviii. 981. 


Mixtures. 

Thermometer sinks. 

Parts. 

Muriate of ammonia 5 

Nitre 5 

Water .' 16 

From 50° to 10° 

Nitrate of ammonia. 1 

Water 1 

From 50° to 4 ° 

Sulphate of soda. 5 

Diluted sulphuric acid.. 4 

From 50° to 3° 

Snow 1 

Common salt 1 

From 32° to 0° 

Muriate of lime 3 

Snow. 2 

From 32° to— 50° 

Snow.... 2 

Diluted sulphuric acid.... ! 

Diluted nitric acid 1 

From — 10° to — 66° 

Snow or pounded ice 12 

Common salt... 5 

Nitrate of ammonia 5 

From — 18° to— 25° 

Muriate of lime 3 

Snow 1 

From — 40° to— 73° 

Diluted sulphuric acid 10 

Snow 8 

From— 68° to— 91° 
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lo order to produce these effects, the salts employed must be cire.nnst.n- 
fresh crystallized, and newly reduced to a very fine powder. £* a ^ l £/ 1 ' 
Hie vessels hi which the freezing mixture is made should be 
very thin, and just large enough to hold it, and the materials 
should be mixed together as quickly as possible. 

In order to produce great cold, they ought to be first reduced 
to the temperature marked in the table, by placing them in 
some of the other freezing mixtures ; and then they are to be 
mixed together in a similar freezing mixture. — Phil . Trans. 

1795. 

132. Crystallized muriate of lime, when mixed with snow, Veihoi f 
produces a most intense degree of cold. This property was 
discovered some years ago by M Lovitz, of St. Petersburg, CUI7 ‘ 
and has been since applied, in this country, to the congelation 
of mercury on a very extensive scale. The proportions, which 
aoswer best, are about equal weights of the salt finely powdered, 
and of fresh-fallen and light snow. On mixing these together, 
and immersing a thermometer in the mixture, the mercury 
sinb with great rapidity. For measuring exactly the cold pro- 
duced, a spirit thermometer, graduated to 50° below 0 of 
Fahrenheit, or still lower should be employed. A few pounds 
of the salt are sufficient to congeal a large mass of mercury. By 
means of 13 pounds of the muriate, and an equal weight of 
snow, Messrs Pepys and Allen froze 56 pounds of quicksilver 
into a solid mass. The mixture of the whole quantity of salt 
and snow, however, was not made at once, but part was ex- 
pended in cooling the materials themselves. 

On a small scale, it may be sufficient to employ two or three 
pounds of the salt. Let a few ounces of mercury, in a very 
thin glass retort, be immersed, first in a mixture of one pound 
of each ; and, when this has ceased to act, let another similar 
mixture be prepared. The second will never fail to congeal^.. . 
the quicksilver. ~~ * 

In ng. 33, a very simple and cheap apparatus is represent- pu 2 . 
ed, which may be employed to freeze mercury. The outer 
vessel of wood may be twelve and a half inches square, 

»d seven inches deep. It should have a wooden cover, 
rabbeted in, and furnished with a handle. Within this is 
placed a tin vessel b b , standing on feet which are one and, a 
half inches high, and having a projection at the top, half an 
inch broad and an inch deep, on which rests a shallow tin pan 
fc. Within the second vessel is a third d , made of untinned 
tron, and supported by feet two inches high. This vessel is 
four inches square, and is intended to contain the mercury. 

When the apparatus is used, a mixture of muriate of lime and 
snow is put into the outer vessel a a, so as completely to sur- 
round the middle vessel b b. Into the latter, the vessel </, con- 
taining the quicksilver to be frozen, previously cooled down by 
* freezing mixture, is put; and this is immediately surrounded j 
by a mixture of snow and muriate of lime, previously coole d lo j 
6 
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rie made mo- becomes sensible . 

#ible * may be cooled down several degrees below 32 




£ip^ 


f7° Fahrenheit, by an artificial mixture of snow and common 
salt. The pan c c is also filled with these materials, and the 
wooden cover is then put into its place. The vessels are now 
left till the quicksilver is frozen. A more elegant, but more 
expensive, apparatus, by Mr Pepys, intended for the same 
purpose, is figured in an early volume of the Philosophical 
L ^Magazine. H. 1. 114. 

133. When fluids are converted into solids, their latent heat 
Water if kept perfectly free from agitation 

but, on shak- 
ing it, it immediately congeals, and the temperature rises to 32°. 

134. The evolution of caloric, during the congelation of wa 
ter is well illustrated by the following experiment of Dr Craw 
ford : — Into a round tin vessel put a pound of powdered ice 
surround this by a mixture of snow and salt in a larger vessel; 
and stir the ice in the inner one, till its temperature is reduced 
to + 4° Fahrenheit. To the ice thus cooled add a pound of 
water at 32° One-fifth of this will be frozen ; and the tempe- 
rature of the ice will rise from 4° to 32°. In this instance, the 
caloric evolved, by the congelation of one-fifth of a pound of 
water, raises the temperature of a pound of ice 28°. H. 1. 115. 

If we dissolve sulphate of soda in water, in the proportion ol 
one part to five, and surround the solution by a freezing mix* 
ture, it cools gradually down to 31°. The salt, at this point, 
begins to be deposited, and stops the cooling entirely. This 
evolution of caloric during the separation of a salt, is exactly 
the reverse of what happens during its solution. ( Blagden , 
Philos . Trans . lxxviii. 290.) 

When a solution of Glauber’s salt is made suddenly to crys- 
tallize, its temperature is considerably augmented ; and wher 
water is poured upon quicklime, a great degree of heat is pro 
duced by the solidification which it suffers in consequence ol 
chemical combination ; congelation, therefore, is to surrounding 
bodies a heating process and liquefaction a cooling process. 

• 135. When liquids are heated they acquire the gaseou 
the aeriform form, and become invisible elastic fluids, possessed of the me 
,utc ' chanioal properties of common air. They retain this form o 
state as long as their temperature remains sufficiently high, bu 
re-assurae the liquid form when cooled again. Fill ajar witi 
water heated to 104° and invert it in a vessel of the same 
Then introduce a little ether by means of a glass tube closed s 
one end. The ether will rise to the top of the jar, aod, in il 
ascent will be changed into gas, filling the whole jar with 
transparent invisible, elastic fluid. On permitting the water t 
cool, the ethereal gas is condensed, and the inverted jar agai 
becomes filled with water. 

Bom point 136. Different fluids pass into the aeriform state at differei 
of fluidBdif- temperatures, or their boiling points are different; these are als 
fcrtaL regulated by the density of the atmosphere. El her is change 
into gas, by diminishing the weight of the atmosphere. Into 
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gbsstnbe, fig. 10, about six inches long, and half an inch in diam- E* r . 
eter, put a teaspoonful of ether, and fill up the tube with water; PL ** 
then, pressing the thumb on the open end of the tube, place it, in- 
verted, in ajar of water. Let the whole be set under the receiver 
of an air-pump, and exhaust the air. The ether will be changed 
into gas, which will expel the water entirely from the tube. 

On re-admitting the air into the receiver, the gas is again con- 
densed into a liquid form. 

137. If we diminish atmospheric pressure, we lower the boiling 
point. When the barometer is at 28 inches, water will boil at 
a lower temperature than when it is at 31 inches. Water under 

mean atmospheric pressure boils at 212°. At the top of Mount Altitude* de- 
Blanc, Saussure found that it boiled at 187°, so that the heights !hrTbtn ? « 
of mountains, and even of buildings, may be calculated by 
reference to the temperature at which water boils upon their *•*. 
summits. The Reverend Mr Wollaston has described to the 
Royal Society the method of constructing a thermometer of 
extreme delicacy, applicable to these purposes. — Phil . Trans. 

1817. In the vacuum of an air pump, fluids boil at tempera- 
tures considerably below their ordinary boiling points. Water, e*p- 
for example, which has been removed from the fire, and has 
ceased to boil, has its ebullition renewed when it is placed 
under a receiver, the air of which is quickly exhausted by an 
air-pump. Alcohbl and ether, confined under an exhausted re- 
eeiver, boil violently at the temperature of the atmosphere. 

138. The following apparently paradoxical experiment also ^ 
illustrates the influence of diminished pressure in facilitating of dimioi*h«*d 
ebullition. Insert a stopcock securely into the neck of a Flor- ^unjetun!- 
ence flask, fig. 18, containing a little water, and heat it over a tion ° 
lamp till the water boils, and the steam freely escapes by the 

open stop-cock ; then suddenly remove the lamp and close the hXfK 
cock. The water will soon cease to boil ; but if plunged into 
a vessel of cold water ebullition instantly recommences, but 
ceases if the flask be held near the fire : the vacuum in this 
case being produced by the condensation of the steam. 

139. Under increased pressure on the contrary, fluids require k sample of 
a higher temperature to produce their ebullition, as may be shown I-Vecttf J>”7 
by the following experiments, fig. 39. a is a strong brass globe, 
composed of two hemispheres screwed together with flanches; 

a portion of quicksilver is introduced into it, and it is then about 
half filled with water, b is a barometer-tube passing through 
a steam-tight collar, and dipping into the quicksilver at the bot- 
tom of the globe, e is a thermometer graduated to about 400°, 
and also passing through an air-tight collar, d is a stopcock, and 
e a large spirit lamp. The whole is supported upon the brass 
frame and stand/*. Upon applying heat to this vessel, the 
stopcock being closed as soon as the water boils, it will be found 
that the temperature of the water and its vapour increases with 
the pressure, which is measured by the ascent of the mercury 
io the barometer-tube. The thermometer under atmospheric 
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pressure being at 212°, will be elevated to 217° under a pressure 
of five inches of mercury, and to 24 2° under a pressure of 30 
inches, or thereabouts; each inch of mercury producing by its 
pressure, a rise of about 1° in the thermometer. The barome- 
ter-tube also serves the purpose of a safety-valve, the strength 
of the brass globe being such as to resist a greater pressure than 
that of one atmosphere. 

senile or The convers * on °f a liquid into vapour is always attend- 

fre • c loric ed with great loss of thermometric heat; and as liquids may be 
ma fluent. re ^ arc j e cl as compounds of solids and heat, so vapours may be 
considered as consisting of a similar combination of heat with 
liquids ; in other words, a great quantity of heat becomes latent 
during the formation of vapour. 

Moisten a thermometer with alcohol, or with ether, and ex- 
pose it to the air, repeating these operations alternately. The 
mercury of the thermometer will sink at each exposure, be- 
cause the volatile liquor, during the evaporation, robs it of its 
heat. In this way, (especially with the aid of an apparatus, de- 
scribed by Mr Cavallo, in the Philosophical Transactions, 1781, 
p. 509,) water may be frozen, in a thin and small glass ball, 
by means of ether. The same effect may be obtained, also, by 
immersing a tube, containing water at the bottom, in a glass of 
ether, which is to be placed under the receiver of an air pump; 
or the ether may be allowed to float on the surface of the water. 
During the exhaustion of the vessel, the ether will evaporate 
rapidly, and, robbing the water of heat, will completely freeze 
it; thus exhibiting the singular spectacle of two fluids in con- 
tact with each other, one of which is in the act of boiling, and 
the other of freezing, at the same moment. 

By a little modification of the experiment, mercury itself, 
m 5hX aPC <!f w bich requires for congelation a temperature of almost 40° below 
freezing mei^j^pf Fahrenheit, may be frozen, as was first shown by Dr Marcet. 
cury ‘ ; A conical receiver, fig. 54, open at the top, is placed on the 
plate of an air-pump, and a small tube with a cylindrical bulb 
at its lower end, is suspended within the receiver, through the 
aperture, by means of a brass plate, perforated in its centre, 
and fitting the receiver air-tight, when laid upon its open neck. 
The tube passes through this plate, to which it is fitted by a 
leather adjustment, or simply by a cork secured with sealing wax. 
The bulb is then wrapped up in a little cotton wool, or, what 
is better, in a small bag of fine fleecy hosiery, in which a small 
spirit thermometer graduated below 40° Fahrenheit, may also 
be included, and after being dipped into sulphuret of carbon or 
ether* the apparatus is quickly placed under the receiver, which 
is exhausted as rapidly as possible. In two or three minutes, 
the temperature sinks to about 45° below 0, at which moment 
the quicksilver in the stem suddenly descends with great rapid- 
ity. If it be desired to exhibit the mercury in a solid 9 tate, 

* In exhausting a vessel containing either of these fluids, the valves of the air-pump must be me- 
tallic. 
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eommon tubes may be used, which have originally been about 
an inch in diameter, but have been flattened by pressure, when 
softened by the blow-pipe. The experiment succeeds, when 
the temperature of the room is as high as + 40° Fahrenheit. >' 

H. 126. v. / 

Immerse a thermometer into an open vessel of water placed 
over a lamp. The quicksilver rises to 212°, the water then Eip 
boils, and although the source of heat remains, neither the wa- 
ter nor the steam acquire a higher temperature than 212°; the 
heat then becomes latent, and is consumed in the formation of 
steam. . 

141. To ascertain the absolute loss of thermometric heat in 
this case, Dr Black instituted the following experiments : he 
noted the time required to raise a certain quantity of water 
to its boiling point ; he then kept up the same heat till the 
whole was evaporated, and marked the time consumed by the 
process ; it was thus computed to what height the temperature 
would have risen, supposing the rise to have gone on above 
212°, in the same ratio as below it ; and as the temperature of the 
steam was the same as that of the water, it was fairly inferred 
that all the heat above 212° was essential to the constitution of 
aqueous vapour. Dr Black estimated this quantity at about e.umau!* 0 ^ 
810°; that is, the same quantity of heat which is required for i , * te # nl ue c t ^ oric 
the total evaporation of boiling water at 21 2° would be sufficient vapoan. 

to raise the water 810° above its boiling point, or to 1022° had 
it continued in the liquid state. There are other means of as- 
certaining the latent heat of steam which lead us to place it 
between 900° and 1000°. B. - 

142. The following table of the latent heat of steam and some * 
other vapours is extracted from a paper in the^Philosophical 
Transactions for 1818, by Dr Ure. 


Vapour of Water at 212° . . . 967°, 00 

Alcohol 442 ,00 

Ether 302 ,38 

Petroleum 177 ,87 

■ Oil of Turpentine . 177 ,87 

Nitric acid 531 ,99 

■ Liquid Ammonia . 837 ,28 

■ Vinegar 875 ,00 


Table of the 
latent caloric 
of tererai 
fluid n by Dr 
l re. 


-I 


143. When steam is again condensed, or when vapours re- 
sume the liquid state, their latent heat becomes sensible; and ^ 
io this way it is obvious that a small quantity of steam will, •«£?*" **“’ 
during its condensation, communicate heat sufficient to boil a 
large quantity of water. • * 

The small boiler, represented in fig. 52, taken from Dr Hex- pi. 2. 
w’s Elements of Chemistry , may be conveniently employed 
io experiments on the latent heat of steam. 

For this purpose the tube e must be screwed on the stop- 
cock 5, and immersed .into the glass of water/*. The cock c 
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being closed, the steam arising from the boiling water a will 
pass into the cold watery*, the temperature of which will be 
much augmented by its condensation. Ascertain the increase 
of temperature and weight, and the result will show how much 
a given weight of water has had its temperature raised by a 
Certain weight of condensed steam. To another quantity of 
water, of the same weight and temperature as that in the- jar at 
the outset of the experiment, add a quantity of water at 212°, 
equal in weight to the condensed steam ; it will be found, on 
comparing the resulting temperatures, that a given weight of 
steam has produced, by its condensation, a much greater eleva- 
tion of temperature than the same quantity of boiling water. — 
H. 1. 129. 

Economical ~ 1 44. The large quantity of heat, latent in steam render.* its 
qm* of steam, application extremely useful for practical purposes. Thus wa- 
ter may be heated, at a considerable distance from the conduct- 
pl i. ing pipe e fig. 52. This furnishes us with a commodious method 
of warming the water of baths, which, in certain cases of disease, 
it is of importance to have near the patients bed-room ; for the 
boiler, in which the water is heated, may thus be placed on the 
ground-floor, or in the cellar of a house ; and the steam convey- 
ed by pipes into an upper apartment. Steam may also be 
applied to the purpose ot heating or evaporating water, by a 
modification of the apparatus. Fig. 52, g represents the appa- 
ratus for boiling water by the condensation of steam, without 
adding to its quantity *, a circumstance occasionally of consider- 
able importance. The steam is received between the vessel, 
which contains the water to be heated, and an exterior case; it 
imparts its caloric to the water, through the substance of the 
vessel ; is thus condensed, aod returns to the boiler by the per- 
pendicular pipe. An alteration of the form of the vessel adapts 
it to evaporation (fig. 52, h) This method of evaporation is 
admirably suited to the concentration of liquids, that are decom- 
posed, or injured by a higher temperature th&n that of boiling 

L water, such as medicinal extracts ; to the drying of precipitates, 
&e In the employment of either of these vessels, it is expedi- 
ent to surround it with some slow conductor of heat. On a 
small scale a few folds of woollen cloth are sufficient ; and when 
the vessel is constructed of a large size for practical use, this pur- 
pose is served by the brick work in which it is placed.* H. 1. 135. 

* A very convenient apparatus for drying precipitates, dec. is described by Dr Ure. A square til 
box, about 18 inches long, 12 broad, and 6 deep, has its bottom hollowed a little by the hammer toward 
its centre, in which a round bole is cot of b or 6 inches diameter. Into this a tin tube. 3 or 4 inebe 
long, is soldered. This tube u made to fit tightly into the mouth of a common tea-kettle, which b& 
a folding handle. The top of the box has a number of circular holes cut into it, of different diameter* 
into which evaporating capsules are placed. When the kettle, filled with water, and with its nozzl 
corked, is set on a stove, the vapour playing on the bottoms of the capsules, heats them, to any require) 
temperature ; and being itself continually condensed runs back into the kettle. The orifices not ii 
use may be closed with tin lids. In drying precipitates, the tube of the glass funnel, should be corke< 
up, and the funoel be placed, with its filtre, directly into the proper sized opening For drying re< 
cabbage, violet petals, dec. a tin tray is provided, which fits close on the top of the box, within the ris 
which goes about it. The round orifices are left open when this tray is applied, (Diet. Ckm. 291.) 
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145. In breweries and other manufactories, where large quan- 
tities of warm and boiling water are consumed, it is frequently 
bested by thus conveying steam into it, or by suffering steam- 
pipes to traverse the vessels or by employing double vessels, a 
plan adopted with particular advantage in the laboratories at 
Apothecaries Hall. Where a higher temperature than 212° is Thi^pn^rty 
required it is necessary to employ steam under adequate pres- tlgl* *( '0T 
sure, and a very ingenious means of producing high pressure #oaMi •** 
steam for this purpose has been contrived by Messrs J. and P. 

Taylor, and applied by them, upon a very large scale, at Whit- 
bread and Co’s brewhouse. ' J 

146. The perfect transparency of steam, and also two other 
important properties, on which depends its use as a moving 
power, viz. its elasticity and its condensibility by a reduced tem- 
perature, are beautifully shown by a little apparatus contrived by 

Dr Wollaston. It consists of a glass tube fig. 35, about 6 inches pl i, 
long and f inch bore, as cylindrical as possible, and blown out a 
little at the lower end. It has a wooden handle, to which is 
attached a brass clip embracing the tube ; and within is a piston, 
which, as well as its rod, is perforated, as shown by the dotted 
lines. This caoal may be occasionally opened or closed by a 
screw at the top : and the piston rod is kept in the axis of the 
cylinder by being passed through a piece of cork fixed at the 
top of the tube. When the instrument is used, a little water is 
put into the bottom ; the piston is then introduced with its 
aperture left open ; and the water is heated over a spirit lamp. 

The common air is thus expelled from the tube, and when this 


may be supposed to be effected, the aperture in the rod is clos- 
ed by the screw. On applying heat, steam is produced, which 
drives the piston upwards. On immersing the bulb in water, 
or allowing it to cool spontaneously, a vacuum is produced in 
the tube, and the piston is forced downwards by the weight of 
the atmosphere. These appearances may be alternately produc- 
ed by repeatedly heating and cooling the water in the ball of 
the instrument. In the original steam engine, the vapour was 
condensed in the cylinder, as it is in the glass tube ; but in 
the engine as improved by Mr Watt, the steam is pumped into 


a separate vessel, and there condensed ; by which the loss of i 
heat, occasioned by cooling the cylinder every time, is avoided. 

147. Liquids assume the aeriform state much more rapidly Redoctwl#f 
under a diminished pressure, especially if the vapour* which is 
formed be condensed as soon as it is produced, so as to main- J^*** 1 "**' 
tain the vacuum ; and the cold produced is very great. 

On this principle depends Mr Leslie’s new and ingenious v r L«»tie*« 
mode of freezing water, in an atmosphere of any common tern- ^ 
perature, by producing a rapid evaporation from the surface of ler * 
the water itself. The water to be congealed is contained in a 
shallow vessel, which is supported above another vessel, con- 
taining strong sulphuric acid, or dry muriate of lime ; or even 
dried garden mould or parched oatmeal. Any substance, in- 
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deed, that powerfully attracts moisture, may be applied to this 
purpose. The whole is covered by the receiver of an air-pump, 
which is rapidly exhausted ; and as soon as this is effected, crys- 
tals of ice begin to shoot in the water, and a considerable 
quantity of air makes its escape, after which the whole of the 
water becomes solid. The rarefaction required is to about 100 
times ; but'to support congelation, after it has taken place, 20 
or even 10 times are sufficient. The sulphuric acid becomes 
very warm ; and it is remarkable, that, if the vacuum be kept 
up, the ice itself evaporates. In five or six days, ice of an inch 
in thickness will entirely disappear. The acid continues to act, 

r jtill it has absorbed an equal volume of water. 

An elegant manner of making the experiment is to cover the 
vessel of water (fig. 15, a) with a plate of metal or glass, fixed to 
the end of a sliding wire 6, which must pass through the neck 
of the receiver, and be, at the same time, air tight, and capable 
of being drawn upwards. When the receiver is exhausted, the 
water will continue fluid, till the cover is removed, when, in 
less than five minutes, needle-shaped crystals of ice will shoot 
| through it, and the whole will soon become frozen, 
f— ' * In this interesting process, if it were not for the sulphuric 
acid, an atmosphere of aqueous vapour would fill the receiver; 
and, pressing on the surface of the water, would prevent the 
further production of vapour. But the steam, which rises, be- 
ing condensed the moment it is formed, the evaporation goes 
on very rapidly, and has no limits but the quantity of the water, 
and the diminished concentration of the acid.* 

148. It is on the same principle, that the instrument invent- 
or won**- ed by Dr Wollaston, and termed by him the Cryophorus , or 
Frostbearer , is founded. It may be formed by taking a glass 
tube fig. 20, having an internal diameter of about jth of an inch 
the tube being bent to a right angle at the distance of half an 
inch from each ball. One of these balls should be about |d 
filled with water, and the other should be as perfect a vacuum 
as can readily be obtained, the mode of effecting which is well 
known to those accustomed to blow glass. One of the balls is 
made to terminate in a capillary tube ; and when the water in 
the other ball has been boiled over a lamp a considerable time, 
till all the air is expelled, the capillary extremity, through 
which the steam is still issuing with violence, is held in the flame 
of the lamp, till the force of the vapour is so far reduced, that 
the heat of the flame has power to seal it hermetically. 

When an instrument of this kind is well prepared, if the 
empty ball be immersed in a mixture of snow and salt, the wa- 
ter in the other ball, though at the distance of two or three 
feet, will be frozen solid in the course of a very few minutes. 
The experiment may be rendered even more striking, if 
performed according to Dr Marcet’s modification of it : the 


ton’s Crjro- 
pborus. 

PI. J. 


* The most complete account of this new mode of freezing is to be found in the Supplement* te 
the EncycL Brit. art. Cdd, 
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empty hall coveted with a little moist flannel, is to be suspend- 
ed in the manner shown in fig. 17, within a receiver, over a pi. *. 
shallow vessel of strong sulphuric acid, and the receiver is then 
to be exhausted. In both cases the vapour in the empty ball is 
condensed by the common- operation of cold ; and the vacuum 
produced by this condensation gives opportunity for a fresh 
quantity to arise from the opposite ball, with a proportional 
reduction of the temperature of its contents. H. 135. 

143. In many natural operations the conversion of water into 
vapnur, and the condensation of vapour in the form of dew and 
mo, is a process of the utmost importance, and tends consider- 
ably to the equalization of temperature over the globe. 

150. Nothing is known of the nature or cause of heat. It caloric a 
has been by some considered as a peculiar fluid, to which the fla,d * 
term Caloric has been applied ; and many phenomena are in 
favour of the existence of such a fluid. By others, the phenom- 
ena above described have been referred to a vibratory motion a victory 
of the particles of matter, varying in velocity with the perceived moUon * 
intensity of the heat. In fluids and gases the particles are con- 
ceived to have a motion round their own axes. Temperature , 

therefore, would increase with the velocity of the vibrations ; 
and increase of capacity would be produced by the motion 
being performed in greater space. The loss .of temperature, 
during the change of solids into liquids and gases, would depend 
upon loss of vibratory motion, iu consequence of the acquired 
retatory motion. 

Upon the other hypothesis, temperature is referred to the 
quantity of caloric present ; and the loss of temperature, which 
happens when bodies change their state, depends upon the 
ehemical combination of the caloric with the solid in the case 
of liquefaction, and with the liquid in the case of conversion 
into the aeriform state. B. 


Section IV, Of Light. 

151. The minute investigation of those laws of light which 
relate to its motion, and effects in producing vision, constitutes 
a branch of the science of Optics, and therefore belongs to Me- 
chanical Philosophy ; it is however requisite that some of them 
should partially he considered as bearing upon important ques- 
tions of chemical inquiry. 

The phenomena of vision are produced either by bodies in- VUion< 
brnatly luminous, such as the sun, the fixed stars, and incan- 
descent substances ; or they are referable to the reflection of 
light from the surfaces of bodies. 

152. The manner in which the eye is affected by luminous i.i*httran.- 
bodies shows that light is transmitted in right lines, and every 
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right line drawn from a luminous body to the eye is termed a 
ray of light , and as a congeries of rays possesses the same 
properties as the single ray, the same abstract term is frequently 
employed to designate the congeries. 

153. Newton first discovered that certain bodies exercise on 
Refraction, light a peculiar attractive force. When a ray passes obliquely 
from air into any transparent liquid or solid surface, it undergoes 
at entrance an angular flexure, which has been called refraction. 
U. 546. The refraction is towards the perpendicular when the 
ray passes into a denser medium, and from the perpendicular 
when it passes into a rarer medium. The medium in which the 
rays of light are caused to approach nearest to the line perpen- 
dicular to its surface, is said to have the greatest refractive 
density. 

Refractive 154. It was found by Newton, that unctuous, or inflammable 
Kmmabie 0 * bodies occasioned a greater deviation in the luminous rays than 
bodies. their attractive mass, or density gave reason to expect. Hence 
he conjectured, that both diamond and water contained combus- 
tible matter. U. 546. 

siay be mod 155. The refractive power of the same inflammable substance 
their pJritf! b ears a proportion to its perfection, insomuch that this property 
may be used as a test of its purity. Thus Dr Wollaston found 
that genuine oil of cloves has a refractive power of 1,535, while 
that of an inferior quality did not exceed 1,498. 

Rejrtctive 156 . The density of bodies is not the only circumstance that 
pendVoo the affects their refractive power ; it also depends on their chemi- 
SSt-ia* nature, and from the refractive power of bodies we may 
m density. j n many cases infer their chemical constitution. 

Refractive l 5 ?* The refractive power of compounds is not the mean de- 
^undsTOUbe ^uced f rom °f their components; which, however, it gen- 
mean of° that erally is in mere mixtures. 

•uimou. — The following table exhibits the refractive powers of several 
gaseous and solid bodies ; from the experiments of Biot and 
Arago and from Newton’s Optics. 


(Tftsrm. 33® F. Barom. 30 in.) 


Table of the 

Atmospheric air . . . 

1,00000 

Hydrogen . . . . 

. . . 6,61436 

refractive 
powers of 

Carbonic acid 

1,00476 

Muriatic ether, gaseous 1 ,71344 

some bodies. 

Nitrogen 

1,03408 

Water 

1,7225 


Muriatic acid gas . . . 

1.19625 

Gum arabic . . . 

; . . . 1,8826 


Oxygen 

1,86161 

Alcohol 

. . . . 2,2223 


Carburetted hydrogen 

2,09270 

Olive oil 

2,7684 

u 

Ammonia 

2,16851 

Diamond .... 

3,1961 


From this it appears that the combustible gases surpass the 
others in this property, and that hydrogen gas exceeds them 
all. 

Reflected 15S. When the rays of light arrive at the surfaces of bodies, 
,lght * a part of them, and sometimes. nearly the whole, is thrown back, 
or refected , and the more obliquely the light falls upon the 
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surface, the greater in general is the reflected portion. In these 
eases the angle of reflection is always equal to the angle of inci- 
dence. 

Let a a represent pencils of light falling upon the surface of 
a polished piece of glass b, the perpendicular pencil will pass 
on in a straight line to d. Of the oblique pencil, one portion 
will enter the glass and suffer refraction towards the perpen- 
dicular as at b 9 and re-entering the atmosphere, it will bend from 
the perpendicular, and re-assume its former direction, as at c. 
Another portion of the oblique pencil will be reflected at an 
angle equal to that of its incidence, as at e. 



159. When a ray of light passes through an oblique angular 
crystalline body, it exhibits peculiar phenomena ; one portion 
is refracted in the ordinary way ; another suffers extraordinary 
refraction, in a plane parallel to the diagonal joining the two 
obtuse angles of the crystal ; so that objects seen through the 
crystal appear double. Transparent rhomboids of carbonate of 
lime, or Iceland crystal, exhibit this phenomenon of double 
refraction particularly distinct. 

If a ray of light, which has thus suffered double refraction, 
be received by another crystal, placed parallel to the first, there 
will be no new division of the rays ; but if it be placed in a 
transverse direction, that part of the ray which before suffered 
ordinary refraction will now undergo extraordinary refraction, 
and reciprocally that which underwent extraordinary refraction 
now suffers ordinary refraction. 

If the second crystal be turned gradually round in the same 
plane, when it has made a quarter of a revolution there will be 
four divisions of the ray, and they will be reduced to two in the 
half of the revolution ; so that the refracting power appears to 
depend upon some relation of the position of the crystalline par- 
ticles. 


Double re- 
fraction. 


inarr i 
extraordinary 
refraction. 


Refracting 

S ower seems 
e pendant up- 
on some posi- 
tion of crystal- 
line particles. 


160. When light is reflected from bodies, it retains, under 
many circumstances, its former relations to the refractive power 
of transparent media ; but, in certain cases, at angles differing / 
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J Tor different substances, the reflected rays exhibit peculiar prop* 

' erties, analogous to those which have suffered extraordinary 
refraction. Thus, if the flame of a taper reflected at an angle 
of 52° 45' from the surface of water, be viewed through a piece 
of double refracting spar, one of the images will vanish every 
time that the crystal makes a quarter of a revolution. 
ciaeSleeUli ^^en a ray ©f light is made to fall upon a polished 

to the* aogie glass surface, at an angle of incidence of 35° 25', the angle of 
•f reflection. re fl ec ^j on j, e e q Ua j to that of incidence. Let us suppose 
another plate of glass so placed that the reflected ray will fail 
upon it at the same angle of 35° 25'; this second plate may be 
turned round its axis without varying the angle which it makes 
°of t£ w i l h ra y that falls upon it. A very curious circumstance 
i”d*wflectbn * s ^served as this second glass is turned round. Suppose the 
of light* two planes of reflection to be parallel to each other, in that case 
the ray of light is reflected from the second glass in the same 
manner as from the first. Let the second glass be now turned 
round a quadrant of a circle, so as to make the reflecting planes 
perpendicular to each other : now, the whole of the ray will 
pass through the second glass, and none of it will be reflected. 
Turn the second glass round another quadrant of a circle, so as 
to make the reflecting planes again parallel, and the ray will 
again be reflected. When the second glass is turned round, 
three quadrants, the light will be again transmitted, and none 
of it reflected. Thus, when the reflecting planes are parallel, 
the light is reflected, but when they are perpendicular the light 
is transmitted. This experiment proves, that, under certain 
circumstances, li^ht can penetrate through glass when in one 
position, but not in another. This curious fact was first observ- 
ed by Malus, wh!o accounted for it by supposing the particles 
of light to have assumed a particular position as a needle does 
when under the influence of a magnet, and hence be called this 
Polarisation property of light, its Polarisation . (Thomson’s System, Vol. 
•flight. ^ p 16 ) h as since been studied with laborious diligence 
by Dr Brewster, and by M. M. Arago and Biot, — Phil? Trans . 
1813, 1814, 1815, 1816, 1817 .--Annales de Chimie, tom. 94. 
Traiti de Physique . 

162. If plates of mica, 'ami certain other crystallized sub- 
stances, be placed between the glasses employed in the above 
experiments, so that the reflected rays may traverse them in 
passing from one surface to the other, it will be found that un- 
der certain circumstances, the image of the candle will remain 
visible in other words, the light will be depolarised in passing 
through the crystallized medium. Common glass is generally 
incapable of depolarising the ray, but it acquires the depolarising 
power when submitted to pressure, or heated, or when it has 
been heated and very suddenly cooled ; the influence of its 
particles upon those of light becoming then analogous to crys- 
tallized bodies. 

^ 16-3. That a sunbeam, in passing through a dense medium, 
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md especially through a triangular prism of glass, gives rise to ' 
a series of brilliant tints similar to those of the rainbow, was 
known in the earliest ages, but it required the sagacity of New- 
ton to develope the cause of the phenomenon. He proved, that 
light consists of rays differing from each other in their relative 
refrangibilities ; and, guided by their colour considered their Prismatic 
number as seven : red, orange, yellow, green, blue, indigo, and colou ”‘ 
violet If the prismatic colours, or spectrum , be divided into 
360 equal parts, the red rays will occupy 45 of these parts, the 
orange 27, the yellow 48, the green 60, the blue 60, the indigo 40, 
and the violet 80. Of these rays the red being least refrangible, 
fall nearest that spot which they would have passed to, had they 
not been refracted ; while the violet rays being most refrangi- 
ble, are thrown to the greatest distance ; the intermediate rays, 
possess mean degrees of refrangibility. 

164. These differently coloured rays, are not susceptible of 
further decomposition, by any number of refractions, but when 
they are collected into a focus they reproduce white light. Up- 
on these phenomena is founded the Newtonian theory o i colours, Newton*, 
which supposes them to depend upon the absorption of all rays, JJjjjjjT of «>- 
excepting those of the colour observed. Thus green bodies lou ”* 
reflect the green rays and absorb the others. All the rays are i 
reflected by white bodies, and absorbed by those which are bla ck. / 

\ 165. If a solar beam be refracted by a prism, and the coloured 
image received upon a sheet of paper it will be found, on mov- 
ing the hand gently through it, that there is an evident increase 
of temperature towards the red ray. This fact seems to have 
been first noticed by Dr Hutton ( Dissertation on Light and 
Htaty p. 39 ;) but it is to Dr Herschel (Phil. Trans. 1800,) that 
we are indebted for a full investigation of the subject. If the ReIativelem _ 
coloured rays be thrown successively upon delicate thermome- p«r*ture of 
ters, it will be found, that if the heating power of the violet 
rays be considered = 16, that of the green rays will be =26, 
and of the red =55. These circumstances suggested the possi- 
bility of the heating power of the spectrum extending beyond 
the red ray ; and on applying a thermometer just out oflhe red 
fay, and beyond the limits of the visible spectrum, this was 
fetmd to be the case. A thermometer, in the red ray rose 7° in c.iorific, *»d 
lea minutes, but just beyond the red ray the rise was = 9°. It 
» evident, therefore, that, independent of the illuminating rays, pma. 7 
there are others which produce increase of temperature, and 
these from their increase towards the red ray, and from the 
apot which they principally occupy in the refracted congeries, 
are possessed of less refrangibility than the visible rays. 

Dr Herschel’s experiments were repeated, with nearly similar 
Jesuits, by Sir H. Englefield, in 1802, and by Mr Berard, in 
1613 (Thomson’s •dnntris, ii, 163,) who found the maximum of £ d n, j^® fa,e 
best to exist just at the extremity of the Ted ray. 

166. That these calorific rays are susceptible of refraction and Concent™- 
Rfleclioo, is proved by the intense best produced when the 
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Light po»- 
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ence over the 
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dies. 
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changes. 
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solar rays by 
refraction. 


Xot perfectly 
exhibited in 
the prismatic 
spectrum. 


Analogy be- 
tween the ef- 
fect of the so- 
lar ray and 
that of elec- 
tricity. 


solar rays are concentrated into a focus by a lens, or by a con- 
cave mirror. 

167. Light possesses considerable influence over the chemi- 
cal energies of bodies. If a mixture of equal volumes of the 
gases called chlorine and hydrogen be exposed in a dark room, 
they slowly combine, and produce muriatic acid gas ; but, if 
exposed to the direct rays of the sun, the combination is very 
rapid, and often accompanied by an explosion. 

Chlorine and carbonic oxide have scarcely any tendency to 
combine, even at high temperatures, when light is excluded, 
but exposed to the solar rays they enter into chemical union. 
Chlorine has little action upon water, unless exposed to light; 
and, in that case, the water, which consists of oxygen and hy- 
drogen, is decomposed. The hydrogen unites with the chlorine 
to produce muriatic acid, and the oxygen is evolved in a gaseous 
form. 

168. These, and numerous other similar cases which might be 
adduced, show that radiant matter influences the chemical energies 
of bodies, independent of its heating powers. Scheele ( Expe- 
riments on Jiir and Fire , p. 78, &c.) was the first who entered 
upon this curious investigation ; and many important facts con- 
nected with it have been more lately ascertained by Ritter, 
Wollaston, and Davy. Scheele threw the prismatic spectrum 
upon a sheet of paper, moistened with a solution of nitrate of 
silver, a salt quickly decomposed by the agency of light. In 
the blue and violet rays the silver was soon reduced, producing 
a blackness upon the paper, but in the red ray scarcely any 
similar effect was observed. Wollaston and Ritter discovered 
that these chemical changes were most rapidly effected in the 
space which bounds the violet ray, and which is out of the vis- 
ible spectrum. 

169. It has been thus ascertained, that the solar beams are 
refrangible into three distinct kinds of rays.; the calorific , or 
heating rays ; the luminous , or colorific , rays, which produce 
vision and colour ; the decomposing rays, or those which have 
a tendency to interfere with the chemical constitution of bodies. 

In the prismatic spectrum these three sets of rays are imper- 
fectly separated, and arranged according to their respective re- 
frangibilities. The heating rays are the least refrangible, the 
colorific rays are possessed of 'more refrangibility, and the de- 
composing, or, as some have called them, the deoxidizing rays , 
are the most refrangible. 

170. Sir H. Davy has observed, that certain metallic oxides, 
when exposed to the violet extremity of the prismatic spectrum, 
undergo a change similar to that which would have been pro- 
duced by exposure to a current of hydrogen ; and that, when 
exposed to the red rays they acquire a tendency to absorb oxy- 
gen. ( Elements of Chemical Philosophy.) In such general 
facts, he traces an analogy between the effects of the solar beam, 
and the agencies of electricity. In the Voltaic circuit, the 
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maximum of heat is at the positive pole, where the power of 
combining with oxygen is also given to bodies ; the agency of 
rendering bodies inflammable is exerted at the opposite surface ; 
tod similar chemical effects are produced by negative electricity, 
and by the most refrangible rays ; and by positive electricity, 
and the rays which are least refrangible. 

171. It has been asserted by Morichini, and the experiment n J^ 

is said to have succeeded in other hands, that the prismatic “* 
spectrum is capable of exciting the magnetic influence, and that citing mng- 
a needle exposed to the violet rays acquires polarity : this would “, uc polmn " 
point out a further analogy between the agencies of light and 
electricity. B. 

172. Professor Leslie has constructed an instrument, called a Photometer 
Photometer , on the principle that light, in proportion to its ofLe ‘ Ue - 
absorption produces heat. It is merely a very delicate and 

small differential thermometer, enclosed in a thin and pellucid 
glass tube. One of the bulbs is of black glass, which when the 
instrument is suddenly exposed to light, becoming warmer than 
the clear bulb, indicates the effect by the depression of the fluid. 

(Leslie on Heat , P. 424.) A differential thermometer con- 
taining the vapour of ether, may also, in certain experiments, 
be advantageously used as a Photometric Thermometer . — 

(Bkanoe, Phil . Trans . 1820.)* 

173. In nature the influence of the solar rays is very complex, Perfect vega- 
and the growth, colour, flavour, and even the forms of many quire* the io- 
vegetables, are much dependent upon them. This is seen in uT"^ f 
many plants which are protected from the sun’s rays : celery 

and endive are thus cultivated with the view c f rendering them 
palatablef; and plants which are made to gro.v in a room im- 
perfectly illuminated, always bend towards the apertures by 
which the sun's rays enter. The changes too which vegetables 
effect upon the circumambient atmosphere are influenced by the 
same cause. 

In the animal creation, brilliancy of colour and gaudy plumage 
belong to the tropical climates ; more sombrous tints distinguish 
the polar inhabitants ; and dull colours characterize nocturnal 
animals, and those who chiefly abide below the surface. 

174. There are many substances which, when heated to a ^ p b b 0 0 ^ 
certain point, become luminous without undergoing combustion, ° **’ 
and such bodies are said to be phosphorescent . The tempera- 
tures which they require for this purpose are various ; it gene- 
rally commences at about 400°, and may be said to terminate at 

the lowest visible redness. Some varieties of phosphate of 
lime, of fluor spar, of bituminous carbonate of lime, of marble, 
and sand, and certain salts, are the most remarkable bodies of 
this description. (Wedgwood, Phil. Trans. Vol. 82.) Their 
I luminous property may be b^st exhibited by scattering them in 
coarse powder upon an iron plate heated nearly to redness. 

* A new photometer ha* been described by Ur Kitchie. See Qu utterly Journal, Vol. 19; p. 299. 
t The pieces* U termed ttiolationoi blanching. 
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Oil, wax, spermaceti, and butter, when nearly boiling, are also 
luminous. 

175. Another class of phosphorescent bodies have been term- 
soi«r Pbo»- e d solar phosphori , from becoming luminous when removed 
p ° n> into a dark room after having been exposed to the sunshine. 

Of this description are Canton’s, Baldwin’s, and the Bolognian 
compound, phosphorus. Canton’s phosphorus is prepared thus : — Calcine 
oyster-shells in the open fire for half an hour, then select the 
whitest and largest pieces and mix them with one third their 
weight of flowers of sulphur, pack the mixture closely into a 
covered crucible, and heat it to redness for an hour. When 
the whole has cooled, select the whitest pieces for use. — Phil. 
Trans . Vol. 58. 

•nd al thr n Bo- Baldwin’s phosphorus is prepared by heating nitrate of lime 
logman phos- to a dull red heat, so as to form it into a compact mass : and 
pboru*. tte Bolognian phosphorus, discovered by Vincenzio Cascariolp, 
a shoemaker of Bologna, is made by reducing compact sulphate 
of baryta to a fine powder, which is formed into cakes with 
mucilage, and these are heated to redness. — Aikin’s Diction- 
ary , Art. Phosphori . 

Wilson’s ex- 176. Mr B. Wilson has also made a variety of curious experi- 
penmcnts. me nts on solar phosphori ; and, he has discovered the simplest 
and most effectual of these bodies, which may be obtained by 
closely observing the following directions : — Take the most 
flaming coals off a brisk fire, and throw in some thick oyster- 
shells ; then replace the coals, and calcine them for an hour ; 
remove them carefully, and, when cold, it will be found that 
after exposing them for a few minutes to the light, they will 
glow in the dark, with most of. the prismatic colours. — W ii^on 
on Phosphori , p. 20. 

177. A third set of bodies, belonging to this class, are those 
phoipbori Ui w h* c h a re spontaneously phosphorescent . Such are especially, 
the flesh of salt-water fish just before it putrefies, and decayed 
wood. The glow-worm , and the lantern-jly . are also lumin- 
ous when alive ; and the hundred legged worm, and some oth- 
ers, shine brilliantly when irritated. 

It appears from the experiments of Canton and of Dr Hulme, 
(Phil. Trans.Vols. lix. xc. and xci.) that sea-fish become lumin- 
ous in about twelve hours after death, that it increases till putre- 
faction is evident, and that it then decreases. Immersion in sea- 
water does not affect this luminous matter, on the contrary, the 
brine is itself rendered luminous; but it is extinguished by pure 
water, and by a variety of substances which act chemically upon 
the animal matter. 

Light from 178. Percussion and friction are often attended by the evolu- 
Fricticm. lonof tion of light as when flint pebbles, pieces of sugar, and other 
substances, are struck or rubbed together. 

179. From experiments in which air has been intensely heat- 
Gatcsincap*. ed, it has been concluded that gaseous matter is incapable of 
becoming luminous ; for, though the temperature of air be such 
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as to render solid bodies white hot, it does not itself become 
risible. (Wedgwood, Phil . Trans . 1792.) Flame, however, 
may. in general, be regarded as luminous gaseous matter. Hy- 
drogen gas, probably, furnishes the purest form of flame which 
can be exhibited ; for the flames of bodies which emit much 
light, derive that power from solid matter which is intensely 
ignited and diffused through them, and which, in ordinary 
flames, as of gas, tallow, wax, oil, fyc., consists of finely divid- 
ed charcoal 

180. The intensity of the heat of flames which are but little 
luminous, as of hydrogen gas, spirit of wine, fyc., may be shown 
by introducing into them some fine platinum wire, which is in- 
stantly rendered white hot in those parts w here the combustion 

is most perfect. It is even intensely ignited in the current of Height and 
air above the flame, as may be shown by holding a piece of of Same, 
platinum wire over the chimney of an Argand lamp fed with 
spirit of wine ; the high temperature of this current is ajso ex- 
hibited by the common expedient of lighting paper by holding 
it in the heated air which rushes out of a common lamp-glass. 

181. The high temperature of flame is further proved by cer- 
tain cases of combustion without flame. Thus, if a heated wire 
of platinum be introduced into any inflammable or explosive 
mixture, it will become ignited , and continue so till the gas is 
consumed ; but inflammation will, in most cases, only take 
place when the wire becomes white hot. This experiment is 
easily made by pouring a small quantity of ether into the bottom ,p * 
of a beer-glass, and holding, a piece of heated platinum wrire a 
little above its surface ; the wire becomes red hot, but does not 
inflame the vapour of the ether till it acquires an intense white 
heat 

The same fact is exhibited by putting a small coil of platinum 
wire round the wick of a spirit lamp, fig. 34, which, when healed, pi. a. 
becomes red hot, and continues so, as long as the vapour of the Platinum 
spirit is supplied, the heat never becoming sufficiently intense wirela,np * 
to produce its inflammation. 

182. Such being the nature of flame, it is obvious, that if we 
cool it by any means, we must at the same time extinguish it. 

This may be effected by causing it to pass through fine wire 
gauze, which is an excellent conductor and radiator of heat, and 
consequently possessed of great cooling power. If a piece of e* p . 
fine brass or iron wire-gauze be brought down upon the flame 

of a candle, or what answers better, upon an inflamed jet of coal 
I gas, it will, as it were, cut the flame in half. That the cooled 
gaseous matter passes through, may be shown by again lighting 
it upon the upper surface. 

183. The power, therefore, of a metallic tissue thus to extin- 
guish flame, will depend upon the heat required to produce the 
combustion, as compared with that acquired by the tissue ; and 
the flame of the most inflammable substances, and of those that 
produce most heat in combustion, will pass through a metallic 
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tissue that will interrupt the flame of less inflammable substances, 
or those that produce little heat in combustion; so that different 
flames will pass through at different degrees of temperature. 

184. The discovery of these facts, respecting the nature and 
iHry’.wfetj properties of flame, led Sir H. Davy to apply them to the con- 
lamp. struction of the Miners * safety lamp , which will be explained 
under the article Carburetted hydrogen gas. 
on the prop- 185. The phenomena exhibited by phosphorescent and in- 
candescent bodies, and in the process of combustion, have some- 
mnd.ocande#- times been explained upon the idea that the light and heat 
ctac *' evolved, were previously in combination with the substances, 
and that they are afterwards merely emitted, in consequence 
of decomposition ; and that the solar phosphori absorb light and 
again give it out unchanged. But it appears more probable that 
any particles violently repelled into space may become radiant 
matter, than that it should consist of a specific substance : thus 
mechanical action, and chemical changes, may each tend to the 
emission of radiant matter; and incandescence will result when 
the vibrations which heat occasions among the particles of bodies 
are of such violence as to cause their repulsion into space. (B.) 
(See Davy’s Elements of Chemical Philosophy , 1. 213, &c.) 


Repulsion 
and attrac- 
tion. 


Section V. Electricity . 

I 186. Ip a piece of sealing-wax and of dry warm flannel be 

rubbed against each other, they both become capable of attracl- 
Eiecincai ei- ing and repelling light bodies. A dry and warm sheet of 
citement writing-paper, rubbed with India rubber, or a tube of glass rub- 
bed upon silk,* exhibit the same phenomena. In these cases 
the bodies are said to be electrically excited; and when in a 
dark room, they always appear luminous. 

187. If two pith-balls be electrified by touching them with 
the sealing-wax or with the flannel, they repel each other ; but 
if one pith-ball be electrified by the wax, and the other by the 
flannel, they attract each other. The same applies to the glass 
and silk : it shows a difference in the electricities of the differ- 
ent bodies, and the experiment leads to the conclusion, that 
bodies similarly electrified repel each other , but that when 
dissimilarly electrified they attract each other . 

The term electrical repulsion is here used merely to denote 
the appearance of the phenomenon, the separation being proba- 
bly referable to the new attractive power which they acquire, 
when electrified, for the air and other surrounding bodies. 

If one ball be electrified by sealing-wax rubbed by flannel, 
and another by silk rubbed with glass, those balls will repel 
each other ; which proves that the electricity of the silk is the 
same as that of the sealing-wax. But if one ball be electrified 
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by the sealing-wax and the other by the glass, they then attract 1 
each other, showing that they are oppositely electrified. 

188. The terms vitreous and resinous electricity were ap- 
plied to these two phenomena; but Franklin, observing that the Fwnkiinu 
same electricity was not inherent in the same body, but that theor ** 
glass sometimes exhibited the same phenomena as wax, and 

vice versd 9 adopted another term, and, instead of regarding the 
phenomena as dependant upon two electric fluids, referred them 
to the presence of one fluid, in excess in some cases, and in de- 
ficiency in others. To represent these states he used the terms 
plus and minus , positive and negative. When glass is rubbed 
with silk, a portion of electricity leaves the silk and enters the 
glass ; it becomes positive , therefore, and the silk negative ; 
but when sealing-wax is rubbed with flannel, the wax loses and 
the flannel gains ; the former, therefore, is negative, and the 
latter positive. All bodies in nature are thus regarded as con- 
taining the electric fluid, and when its equilibrium is disturbed, 
they exhibit the phenomena just described. 

189. The substances enumerated in the following table be- 
come positively electrified when rubbed with those which follow 
them in the list, but with those which precede them they be- 
come negatively electrical. — Biot, Traiti de Physique , tom. 
ii., p. 220. 


Cat’s skin. 
Polished glass. 
Woollen cloth. 
Feathers. 


Paper. 

Silk. 

Gum lac. 
Rough glass. 


190. Very delicate pith-balls, or strips of gold leaf, are usu- 
ally employed in ascertaining the presence of electricity ; and, 
by the way in which their divergence is affected by glass or 
sealing-wax, the kind or state of electricity is judged of. When 
properly suspended or mounted for delicate experiments, they 

form an electrometer or electroscope . For this purpose the Electroin- 

slips of gold leaf are suspended by a brass cap and wire in a 
glass cylinder; they hang in contact when unelectrified; but 
when electrified they diverge. 

191. The kind of electricity by which the gold leaves are 
diverged may be judged of by approaching the cap of the in- Mctbodofa®- 
strument with a stick of excited sealing-wax ; if it be negative 53*?" «i!Sj 
the divergence will increase ; if positive , the leaves will col- tr,cil y* 
lapse, upon the principle of the mutual annihilation of the 
opposite electricities, or that bodies similarly electrified repel 

each other, but that when dissimilarly electrified they become 
mutually attractive. (187.) 

192. Some bodies suffer electricity to pass through their sub- 
stance, and are called conductors . Others only receive it upon 

the spot touched, and are called nonconductors . The former c®ndact®rs* 
do not, in general become electric by friction, and are called J^ onduc ‘ 
noneleclrics : the latter, on the contrary, are electrics , or ac- / 
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Electricity 
puseg thro* 


quire electricity by friction. They are also called insulators . 
The metals are all conductors ; dry air, glass, sulphur, and 
resins, are nonconductors. Water, damp wood, spirit of wine, 
damp air, and some oils, are imperfect conductors. 

193. Rarefied air admits of the passage of electricity ; so does 
~7»cuuro. ror *h e Torricellian vacuum. 

~ , 194. There appears to be no constant relation between the 

.relation be- state of bodies and their conducting powers : among solids, met- 
stateofbodies als are conductors, but gums and resins are nonconductors; 
ducting ir pow- among liquids, strong alcaline, acid, and saline solutions, are 
««• good conductors ; pure water is an imperfect conductor, and 

oils are nonconductors ; solid wax is almost a nonconductor, 
but when melted, a good one. Conducting powers belong to 
bodies in the most opposite states ; thus the flame of alcohol, 
and ice, are equally good conductors. (Biot, Traiti de Phy- 
sique , tom. ii., p. 213.) Glass is a nonconductor when cold, 
but conducts when red-hot ; the diamond is a nonconductor, 
but pure and well-burned charcoal is among the best conductors. 
Junce/b^’ There are many mineral substances which show signs of 

come electric electricity when heated, as the tourmalin, topaz, diamond, 
h«ted.“* boracite, &c.; and in these bodies the different surfaces exhibit 
different electrical states. 

196. Whenever one part of a body, or system of bodies, is 
Oppogitee- positive, another part is invariably negative ; and these opposite 

ip^riwiidei e ^ ectr i ca ^ states are always such as exactly to neutralize each 
of* body, other. Thus, in the common electrical machine, one conductor 
receives the electricity of the glass cylinder, and the other that 
of the silk rubber, and the former conductor is positive and the 
latter negative ; but if they be connected, all electrical phenom- 
ena cease. 

197. When the electrical machine is in good order, and the 
Phenomena atmosphere dry, it produces a crackling noise when the plate or 

cylinder is turned, and flashes and sparks of light are seen upon 
eai machines, various parts of the glass passing from the cushion to the con- 
ductor : if the knuckle be held near the conductor, sparks pass 
to it through some inches of air, with a peculiar noise, and ex- 
cite slightly painful sensation in the part upon which they are 
received. It is conjectured that the cause of the light thus per- 
ceived, is the sudden compression of the air or medium through 
which the electricity passes, and it is always probably attended 
by a proportionate elevation of temperature, as is shown by the 
power of the spark to inflame spirit of wine, fulminating silver, 
and other easily inflammable compounds. 

198. If an insulated conductor be electrified,, and an uninsu- 
lated conductor be opposed to it, there being between the two 
a thin stratum of air, glass, or other nonconductor, the uninsu- 
lated conductor, under such circumstances, acquires an opposite 
electrical state to that of the originally electrified insulated con- 

Eleetiicity ductor. In this case, the uninsulated body is said to be electrified 


by induction. |,y nc j uc n on an d the induced electricity remains evident, until 
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aa explosion, spark, or discharge happens, when the opposite / 
electricities annihilate each other. Induced electricity may 
thus be exhibited through a long series of insulated conductors, 
provided the last of the series be communicated with the earth. 

Thus, in fig. 37, ▲, may represent the positive conductor of the pi. *. 
electrical machine; b, c, and d, three insulated conductors, 
placed at a little distance from each other, d having a chain 
touching the ground ; then the balls i, being positive, will at- illustration, 
tract the balls 2, which are rendered negative by induction. 

Under these circumstances, each of the conductors becomes 
polar, and the balls 3 are positive, while 4 are negative, 5 pos- 
itive, 6 negative, fyc. : the central points of the conductors, bc d, 
are neutral. When these opposite electrical states have arrived 
at a certain intensity, sparks pass between the different conduc- 
tors. and the electrical phenomena cease. 

199. Upon the principle of induction it is that the accumula- 
tion of electricity in the Leyden phial is effected. It consists Leyd e» 
of a thin glass jar, coated internally and externally with tin foil pb * 1 * 
to within a short distance of its mouth. When the inner surface 

is rendered positive by union with the conductor of the electri- 
cal machine, the exterior, being connected with the ground, 
becomes negative by induction. When the inner and osier 
surfaces are united by a conductor, all electrical accumulation 
is annihilated by a powerful spark, and the two opposite states 
arc found to have been precisely equivalent. 

If the communication between the opposite surfaces of the 
Leyden phial be made by the hands, a painful jarring sensation 
is felt at the joints of the fingers, the elbows, shoulders, and 
chest, commonly called the electrical shock . 

200. If one Leyden jar be insulated with its internal surface Connection of 
connected with the positive conductor, another jar may be Leyden 
charged from its exterior coating ; and if this second jar be in- 
sulated, a third may be charged from its exterior coating, and 

soon for any number of jars, provided always that the exterior 
coaling of the last jar be connected with the ground. In this 
case, a polar arrangement, similar to that of the conductors just 
described, (198) will have been formed, glass being the medium 
of induction instead of air. 

Let p, fig. 42, be the positive conductor of the electrical ma- pi. 
chine, and abc three insulated Leyden phials, the outer coating 
of c being connected with the ground ; it is then obvious, that 
there will be the same polar state as in the conductors just 
noticed ; that the insides of a, A, and c, will be positive, and 
the outsides negative ; and that, consequently, on removing the 
jars from each other, they will all be similarly charged, and that 
if the three inner surfaces p p p and the outer surfaces n nn be 
united, the whole may be discharged as one jar. 

201. The operation of the instrument called the Electropho - 
fus (or bearer of electricity) is referable to the phenomena of j 
induction. 
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pi. *. I The electrophorus , fig. 41 , consists of two metallic plates, a tr, 
with an intervening plate of resinous matter, A, for which equal 
parts of shellac, resin, and Venice turpentine, are generally used, 
the mixture being carefully melted in a pipkin,. and poured, 
whilst liquid, into a wooden or metal hoop, of a proper size, placed 
upon a polished surface of glass or marble, from which it easily 
separates when cold ; it should be about half an inch thick, and 
the smooth surface being uppermost the lower side should be 
covered with tin foil, or attached to any other metallic plate; a 
polished brass plate, with a glass handle c attached to it, is then 
placed upon the upper surface of the resinous plate, and of rather 
smaller diameter. The resin is then to be excited with a piece 
of dry fur, and the instrument will be found t^ exhibit the fol- 
lowing phenomena : 

Upon raising the brass plate by its insulating handle, it will 
be found very feebly electrical ; replace it, touch it with the 
finger and again lift it off by its handle, and it will give a spark 
of positive electricity. This process may very often be repeated 
Mode of using without fresh excitation, which circumstance, as well as the 
nature of the electrical charge, shows that the electricity of the 
moveable brass plate is not directly derived from the resin, but 
that it depends upon induction. 

The e ^ ec l r °pfi° rU8 may often be used for the same purpose as 
Li ™!e U cSic M the electrical machine, and in the laboratory it furnishes a very 
mfcchioe. convenient substitute for that more expensive piece of apparatus, 
g—tr -i 202. Electritians generally employ the term quantity to in- 
dicate the absolute quantity of electric power in any body, and 
the term intensity to signify its power of passing through a 
certain stratum of air or other ill-conducting medium. 

If we suppose a charged Leyden phial to furnish a spark, 
n, “ tr * lion ‘ when discharged, of one inch in length, we should find that 
another uncharged Leyden phial, the inner and outer coating of 
which were communicated with those of the former, would 
upon the same quantity of electricity being thrown in, reduce 
the length of the spark to half an inch ; here, the quantity of 
electricity remaining the same, its intensity is diminished by 
one-half, by its distribution over the larger surface. 

Fowof the 203. The power of the Leyden jar is proportioned to its sur- 
proportioo to face, but a very large jar is inconvenient and difficult to procure; 
it* Hirface. the same eru i j s attained by arranging several jars, so that by a 
communication existing between all their interior coatings, their 
exterior being also united, they may be changed and discharged 
Electrical as one jar. Such a combination is called an electrical Battery , 
Battery. and j$ useful for exhibiting the effect of accumulated electricity, 
it* discharge The discharge of the battery is attended by a considerable 
cIL 1 report, and if it be passed through small animals it instantly 
kills them ; if through fine metallic wires, they are ignited, melt- 
ed, and burned ; and gunpowder, cotton sprinkled with pow- 
Prodoees dered resin, and a variety of other combustibles, may be inflam- 
cosabogtiooy e( j by the same means. 
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204. There are many other sources of electricity than those other tomes 
just noticed. When glass is rubbed by mercury, it becomes of <lectricit r- 
electrified, and this is the cause of the luminous appearance 
observed when a barometer is agitated in a dark room, in which 
case flashes of light are seen to traverse the empty part of the 
tube. Even the friction of air upon glass is attended by elec- 
trical excitation : for Mr Wilson found that by blowing upon a 
dry plate of glass with a pair of bellows, it acquired positive 
electricity. Whenever bodies change their forms, their electri- 
cal states are also altered. Thus the conversion of water into 
vapour, and the congelation of melted resins and sulphur, are 
processes in which electricity is also rendered sensible. 

205. When an insulated plate of zinc is brought into contact 
with one of copper or silver, it is found, after removal, to be 
positively electrical, and the silver or copper is left in the op- 
posite state. 

The most oxidizable metal is always positive, in relation to ortwon>«ui« 
the least oxidizable metal, which is negative, and the more op- 
posite the metals in these respects, the greater the electrical 
excitation ; and if the metals be placed in the following order, wayapouti™. 
each will become positive by the contact of that which precedes 
it, and negative by the contact of that which follows it ; and the 
greatest effect will result from the contact, of the most distant 
metals. 

Platinum. 

Gold. 

Silver. 

Mercury. 

Copper. 

Iron. 

Tin. 

Lead. 

Zinc. 

If the nerve of a recently killed frog be attached to a silver 
probe, and a piece of zinc be brought into the contact of the Eiecirwty’ 
muscular parts of the animal, violent convulsions are produced S^e. c . 7 
every time the metals thus connected are made to touch each 
other ; exactly the same effect is produced by an electric spark, 
or the discharge of a very small Leyden phial. 

If a piece of* zinc be placed upon the tongue, and a piece of 
silver under it, a peculiar sensation will he perceived every 
time the two metals are made to touch. 

206. In these cases the chemical properties of the metals are 
observed to be affected. If a silver and a zinc wire be put into a janving that 
wine glass full of dilute sulphuric acid, the zinc wire only will ol eleclr,c,t y- 
evolve gas ; but upon bringing the two wires in contact with 

each other, the silver will also copiously produce air bubbles. 

207. If a number of alternations be made of copper or silver Flectric 
leaf, zinc leaf, and thin paper, fig. 38, the electricity excited by in™. 


Metallic ar- 
rangement for 
electric exci- 
tation. 
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the contact of the metals will be rendered evident to the com- 
mon electrometer. 

208. If the same arrangement be made with the paper moist- 
ened with brine, or a weak acid, it will be found on bringing a 
wire communicating with the last copper plate into contact with 
the first zinc plate, that a spark is perceptible, and also a slight 
shock, provided the number of alternations be sufficiently nu- 
Voita’s. merous. This is the Voltaic apparatus. 
modo^>f°coo- ® evera ^ modes of constructing this apparatus have been 

structiog the adopted, with a view to render it more convenient or active, 
apparatus. Sometimes double plates of copper and zinc soldered together, 
are cemented into wooden troughs in regular order, fig. 48, the in- 
tervening cells being filled with water, or saline or acid solutions, 
coronne de 210. Another form consists in arranging a row of glasses, con- 
™i£“of* er taining dilute sulphuric acid, in each of which is placed a wire 
form. or plate of silver or copper, and one of zinc, not touching each 
other, but so connected by metallic wires, that the zinc of the 
first cup may communicate with the copper of the second ; the 
zinc of the second with the copper of the third, and so on 
throughout the series, as represented in fig. 44. 

By dipping the fingers into the extreme cups 1 and 4 a shock 
will be felt ; and on making a communication between them by 
a wire, it will be found that the copper plates instantly acquire 
the power of decomposing the dilute sulphuric acid, and that 
the chemical action of the zinc is much augmented. One 
advantage of this arrangement over the former (209) is, that 
both surfaces of the metal are exposed ; whereas in the other, 
by soldering the plates together, its action is diminished. 

Pl * 5 * 211. In fig. 55, the trough a is made of earthenware, with 

The most ap- partitions of the same material, and the metallic plates are 
atruction. attached to a bar of wood, so that they can be immersed and 
removed at one operation. The troughs are filled with dilute 
* acid, and by uniting them in regular order, the apparatus may 
be enlarged to any extent. It is thus that the great apparatus 
of the Royal Institution is constructed. 

212. When from 500 to 1000 double plates are thus arranged 
and rendered active by immersion into a liquid consisting of 
about sixty parts of water with one of nitric and one of sulphuric 
acid, very brilliant effects are produced when the opposite poles 
are properly united by conductors. Thus, if a piece of charcoal 
united with the negative wire be made to touch another piece 
united with the positive wjre, a bright spark and intense ignition 
ensue, and by slowly withdrawing the points from each other 
a constant current of electricity takes place through the heated 
air, producing a magnificent arc of intense light. 

Gair«nic 213. When the metals and other inflammable bodies are 
chwo 8 ii on ° f placed in this arc of fire they burn with great brilliancy, and 
Combustion those which are most difficult of fusion give evidence of the 
■wuS*” 0 of intensity of the heat by instantly melting ; and some earthy 
and other bodies, infusible by ordinary methods, are liquefied by 
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thesame means. The shock is painful and dangerous. When the 
communication between the points of charcoal is made in rarefied 
air, the annihilation of the opposite electricities takes place at 
some inches distance, producing a stream of deep purple light. 

214. When the poles of the Voltaic apparatus are connected 
by a steel wire, it acquires magnetic properties ; and if by a 
platinum or other metallic wire, that wire exhibits numerous 
magnetic poles, which attract and repel the common magnetic 
needle. This very curious fact was first observed by Professor 
Oersted, of Copenhagen.* 

215. On immersing the wires from the extremes of this ap- 
paratus into water, it is found that the fluid suffers decomposi- 
tion, and that oxygen gas is liberated at the positive wire or 
pole, and hydrogen gas at the negative pole. 

216. One of the first discoveries of the chemical agency of 
the pile was its power of decomposing water. Two pieces of 
any metallic wires are thrust through separate corks, which are 
fitted into the open ends of a glass tube in such a way, that the 
extremities of the wires, when the corks are in their places, may 
not be in contact, but may be at the distance from each other 
of about a quarter of an inch (see fig. 46, a). If the parts of the 
wire, which project from without the tube, be made to commu- 
nicate, the one with the zinc or positive end, and the other with 
the copper or negative end, of a galvanic battery, a remarkable 
appearance takes place. The wire, connected with the zinc or 
positive end of the pile or trough, where it is in contact with 
the water, if of an oxidable metal, is rapidly oxidized ; while, 
from the negative wire a stream of small bubbles of gas arises. 
But if the wires employed be of a metal which is not suscepti- 
ble of oxidation, such as gold or platina, gas is then extricated 
from both wires, and, by a simple contrivance, may be sepa- 
rately collected. The apparatus for this purpose is shown by 
fig. 51, where the wires p and n, instead of being introduced 
into a straight tube, are inclosed in a syphon, and terminate 
before they reach the end, in which a small hole is to be ground. 
When a stream of galvanic electricity is made to act upon water 
thus confined, oxygen gas is found, at the close of the experi- 
ment, in the leg connected with the positive end of the battery, 
and hydrogen gas in that connected with the negative end ; and 
in the proportions, which, by their union, compose water. At 
in early period of the inquiry, it was found, however, by Mr 
Cmickshank, that the water surrounding the positive wire be- 
came impregnated with a little acid ; and that around the nega- 
tive wire with a little alkali. If, instead of water, we employ 
a metallic solution, the metal is revived round the negative 
wire n, and no hydrogen gas is liberated. 

217. The gases constituting water, it was afterwards discov- 
ered by Sir H. Davy, may be separately produced from two 
quantities of water not immediately in contact with each other. 

♦ Foe » fall account of Electro-magnetism, tee Camh. AM- PkiU*. Vol.Ji. 
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Exp. 


The fact is of peculiar importance from its resemblance toother 
Sro e a 0 nd more rocent ones, which have, led that distinguished philoso- 
rZteiy 0 * €pa ’ pher to the discovery of the general laws of electro-chemical 
action. Two glass tubes, ( p and n, fig. 45), about one-third 
of an inch in diameter and four inches long, having each 
a piece of gold wire sealed hermetically into one end and the 
other end open, were filled with distilled water, and placed, 
inverted in separate glasses, filled, also, with that fluid. The 
two glasses, a and 5, were made to communicate, either by dip- 
ping the fingers of the right hand into one glass, and those 
of the left into the other, or by interposing fresh animal muscle, 

' or a living vegetable, or even moistened thread, as shown at c. 
The gold wires, projecting from the sealed ends of these tubes, 
were then connected, the one with the positive, the other with 
the negative end of the trough. Gas was immediately evolved 
from both wires. At the close of the experiment, in the tube 
jo, oxygen gas was found ; in the negative tqbe n, hydrogen. 
The proportions by measure were, as nearly as possible, those 
which result from the decomposition of water, viz . two of hy- 
drogen to one of oxygen gas. Now if these gases arose, as they 
necessarily must, from the decomposition of the same portion 
of water, that portion of water must have been contained either 
in the tube p or in the tube n. In the former case, the hydro- 
gen gas, found after the process in n, must have passed invisi- 
bly from p to n, through the intermediate substance c. Or, if 
the water was decomposed in n, then the reverse process must 
have happened with respect to the oxygen ; and it must have 
been transmitted, in a like imperceptible manner, from n to p . 
Facts of this kind, evincing the transference of the elements of 
a combination, to a considerable' distance, through intervening 
substances, and in a form that escapes the cognizance of our 
senses, however astonishing, it will appear from the sequel, are 
sufficiently numerous atid well established. It appears, also, 
from the experiments of Mr Porrett. that water may be forced, 
contrary to its gravity, through the compact substance of a 
bladder, from the positive to the negative' wire of a galvanic 
battery, composed of plates only inch square. H. 1. 177. 

218. All other substances are decomposed with similar phe- 
jotn in the o«- nomena, the inflammable element being disengaged at the nega- 
f athre pole. t j ve jy e ] e ctrical surface ; hence it would appear, upon the prin- 
ciple of similarly electrified bodies repelling each other, and 
dissimilarly electrified bodies attracting each other, (187) that 
the inherent or natural electrical state of the inflammable sub- 
stances is positive , for they are attracted by the negative or 
supporter* of oppositely electrified pole ; while the bodies, sometimes called 
are attracted supporters of combustion, or acidifying principles, are attracted 
to the po«tive ^ p 0S ; t j ve pole, an d f therefore, may be considered as pos- 

chemicai sesse( * negative power, 

onion destroy- 219. When bodies are thus under the influence of electrical 
nbnf * al ™‘ decomposition, their usual chemical energies are suspended, 
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and some very curious phenomena are observed, which may be 
illustrated by the following experiments. 

Fill the glass tubes a a, fig. 40, which are closed at top and pi.s. 
open at bottom, with infusion of violets, or red cabbage, and Elp ‘ 
invert them in the basins b b, containing a solution of Glauber’s 
salt, and connected by the glass tube c, also containing the blue 
infusion, p and n are platinum wires, which pass into the tubes 
nearly to the bottom, and which are to be connected with 
the positive and negative extremities of the Voltaic apparatus. 

It will be found that oxygen is evolved at the wire p, and hy- 
drogen at n, derived from the decomposition of the water. The 
Glauber’s salt, which consists of sulphuric acid and soda, will 
also be decomposed ; and the blue liquor will be rendered red 
in the positive vessel, by the accumulation of sulphuric acid, 
and green in the negative, by the soda, while the acid and alcali 1 

will each traverse the tube c without uniting, in consequence 
of being under the influence of electrical attraction. 

£20. The most difficultly decomposable compounds may be 
thus resolved into their component parts by the electrical 
agency; by a weak power the proximate elements are separated, 
and by a stronger power these are resolved into their ultimate 
constituents. 

221. Different chemical compounds require, for the disunion DUfcrent 

of their elements galvanic arrangements of various powers, and require differ- 
intensities. The decomposition of water is easily effected by a menu?“ sc ’ 
series of fifty pairs of plates, each, one or two inches square. 

But for some other decompositions, instruments of greater 
power are required. 

222. The apparatus employed by Sir H. Davy was extremely Dary** «p©- 
simple. Where liquid substances were to be operated upon, nn,tnl> ' 

he employed occasionally agate and gold cups, fig. 56, each of pl 2 . 
which was capable of holding about 60 grains of water. These 
were connected by fibres of amianthus, and into each was in- 
serted a platina wire. The wires were connected with the two 
extremities of a powerful galvanic series. 

223. Solid bodies were submitted to the galvanic influence, 
either by immersing small pieces of them in gold cones, fig. 57 ; PL2 . 
or, at other times, by making the cups themselves of the sub- 
stance intended to be decomposed. Or if it was desirable to 
preserve them from contact with water, they were laid on a 
small insulated dish of platina, with the inferior surface of 
which, immediately under the substance used, a wire from one 

end of the battery was made to communicate by another wire, 
with the opposite extremity of the apparatus. 

224. When the gold cones were both filled with a solution of 
sulphate of potash (a salt composed of potash and sulphuric 
acid,) after exposure, during a sufficient time, to a powerful 
galvanic arrangement, pure potash was found in the negative 
cup, and sulphuric acid in the positive. The decomposition 
was quite complete, no acid being found in one cone, and no 
alkali in the other. 
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The experiment was repeated with several other neutral salts, 

' and with the invariable result, that the acid collected in the 
positive cone, and the alkali in the negative one. 

Decomposi 225. Salts which are either insoluble, or very sparingly solu- 
fi?boto* la ’ ble in water, had their elements disunited in the following 
* manner. Cups were constructed of them, which were filled 
with water, and connected by platina wires with the opposite 
ends of a galvanic battery, the vessels themselves communicat- 
ing as before, by means of moistened amianthus. At the con- 
clusion of the experiment sulphuric acid (when the cups were 
made of sulphate of lime) was found in .the positive cup, and 
lime water in the negative one. Sulphate of strontites, fluate of 
lime, and sulphate of baryta, were decomposed, though less 
easily, by the same expedient. In all these cases the acid ele- 
ment was found at the positive side, and the earthy one at the 
negative side, of the arrangement. 

226. These facts evidently point out a transference of the 
Transferor elements of combination from one electrified vessel, or surface, 

the element*. ano fch er differently electrified. The principle may be made 
much more apparent by a little variation of the experiment. 

Thus, if solution of sulphate of potash be electrified in the pos- 
itive cooe/7, fig. 57, water alone being contained in n, after a 
Pl * *• sufficient continuance of the electrical action, p will be found to 
* contain diluted sulphuric acid, and the potash will be discovered 
in the water of n. The alkali must necessarily, therefore, have 
passed, in an imperceptibte form, alongthe connecting amianthus, 
from the vessel p to the vessel n. Reversing the experiment, 
and filling n with solution of sulphate of potash, the alkali 
remains in this cone ; and the acid is transferred to the oppo- 
site side p. In one experiment, in which nitrate of silver was 
placed in the positive cup, and pure water in the negative one, 
the whole of the connecting amianthus was covered with revived 
silver. 

227. In the farther prosecution of the inquiry, Sir H. Davy 
p| t succeeded in discovering a still more extraordinary series of 

facts. When an intermediate vessel (t, fig. 47) was placed be- 
tween the positive and negative cups p and n, and was connect- 
ed with both of them by moistened amianthus, it was found, that 
acids may actually be made to pass from n to p> through the 
Exp intermediate solution in t, without combining with it. Thus 
solution of sulphate of potash being put into the negative cup n , 
solution of pure ammonia into t, and pure water into p; in half 
an hour, sulphuric acid was found in the water of the positive 
cup, to have reached which it must have been transferred from 
n through the intermediate solution of ammonia. Muriatic 
acid, also, from muriate of soda, and nitric acid from nitrate of 
potash, were transferred from the negative to the positive side 
through an interposed solution of alkali. And contrariwise, 
alkalies and metallic oxides were transmitted from the positive 
to the negative side, through intervening solutions of acids. 
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It is necessary, however, that the solution, contained in the 
intermediate vessel t, should not be capable of forming an inso- 
luble compound with the substance intended to be transmit- 
ted through it. Thus sulphuric acid, in its passage, from sul- 
phate of potash in the negative cup, through the vessel i con- 
taining a solution of pure barytes, is detained by the barytes, 
and falls down in the state of an insoluble compound with that 
earth. 

228. Bodies, the composition of which is considerably more 
complicated, are, also, decomposed by galvanic electricity. 

Thus, from certain minerals, containing acid and alkaline mat- 
ter in only very minute proportion, these ingredients are sepa- 
rately developed. Basalt, for example, (a kind of stone, which, 
in 100 grains, contains only 3} grains of soda and half a 
grain of muriatic acid,) gave, at the end of ten hours, evident 
traces of alkali round the negative, and of acid round the posi- 
tive wire. A slip of glass, also, negatively electrified in one 
of the gold cones, had soda detached from it, and sustained a 
loss of weight. 

229. It may now be understood, why, by the agency of gal- Thc 
vanism on water, alkali appears at the negative and acid at the 
positive wire. The fact was, for some time, not a little per- imjuritie* of 
plexing to Sir H. Davy; till, at length, he ascertained, that thew * 6r * 
all water, however carefully distilled, contains neutral salts in a 

state of solution. From these impurities, the alkaline and acid 
elements are separated, agreeably to a law which has already 
been explained. In the same way, also, the muriatic acid and 
alkali are accounted for, which some chemists have obtained 
by galvanizing what was before considered as pure water; a fact 
which has been urged in proof of the synthetical production of 
both those bodies. Absolutely pure water, it has been demon- 
strated by Sir H. Davy, yields nothing but hydrogen and oxy- 
gen gases. 

230. All the efiects of galvanic arrangements, in producing 
chemical decompositions, it has been found, may be obtained 

by ordinary electricity. Its adaptation to this purpose was first «'*ctricii y . 
successfully attempted by Dr Wollaston.* The apparatus, which 
he employed, was similar to that already represented, fig 46, a, 
excepting that the wires instead of being exposed to the fluid, Pl * * 
contained in the tube, throughout their whole length, were 
covered with wax, and the points only were laid bare. Or 
(what was found to answer still better) the wires were in- 
closed in capillary tubes, which were sealed at their extremi- 
ties, and then ground away, till the points alone were exposed. 

The conducting wires, thus arranged, were then introduced 
into a tube, or other vessel containing the liquid to be operat- 
ed on, and were connected, the one with the positive, the 
other with the negative, conductor of an electrical machine, 
disposed for positive and negative electricity .t When solution 

* Philos* Trans. 1801. t See Cuthbertion’g Practical Electricity. 
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of sulphate of copper was thus electrized, the metal was revived 
round the negative pole. On reversing the apparatus, the cop- 
per was re-dissolved, and appeared again at the other wire, now 
rendered negative. 

When gold wires, from to TJ V T of an inch in diameter, 
thus enclosed, were made to transmit electricity, a succession 
of sparks afforded a current of gas from water. When a solu- 
tion of gold in nitro-muriatic acid was passed through the 
capillary tube ; the tube then heated to drive off the acid ; and 
afterwards melted and drawn out, it.was found that the mere 
current of electricity, without sparks, evolved gas from water. 

Sir H. Davy has since proved, that, by a similar apparatus, 
solution of sulphate of potash is decomposed, potash appearing 
at the negative, and sulphuric acid, at the positive pole.* H. 
1. 178. 

231. All bodies which exert powerful chemical agencies upon 
•f^h * n nec- each other when freedom of motion is given to their particles, 

ren( ^ er eac h other oppositely electrical when acting as masses. 
trmctioiT and Hence Sir H. Davy, the great and successful investigator of this 
galvanism. {, ranc h 0 f chemical philosophy, has supposed that electrical and 
chemical phenomena, though in themselves quite distinct, may 
be dependent upon one and the same power, acting in the for- 
mer case upon masses of matter, in the other upon its particles. 

232. The power of the Voltaic apparatus to communicate 
divergence to the electrometer, is most observed when it is 

the voUaic°^ we ^ insured an d filled with pure water; but its power ofpro- 
apparatui. during ignition and of giving shocks, and of producing the 
» other effects observed when its poles are connected, are much 
augmented by the interposition t)f dilute acids, which act 
chemically upon one of the plates : here, the insulation is inter- 
fered with by the production of vapour, but the quantity of 
electricity is much increased, a circumstance which may, per- 
haps, bd referred to the increase of the positive energy of the 
most oxidable metal by the contact of the acid. In experi- 
ments made with the great battery of the Royal Institution, it 
has been found that 120 plates rendered active by a mixture of 
one part of nitric acid and three of water, produced effects 
equal to 480 plates rendered active by one part of nitric acid 
and fifteen of water. 

233. In the Voltaic pile, the intensity of the electricity 
i ncreases w^h the number of alternations, but the quantity is 

foJqHUtii/: increased by extending the surface of the plates. Thus, if a 
battery, composed of thirty pairs of plates two inches square, 
be compared with another battery of thirty pairs of twelve 
inches square, charged in the same way, no difference will be 
perceived in their effects upon bad or imperfect conductors ; 
their powers of decomposing water and of giving shocks will be 
similar; but upon good conductors the effects of the large plates 
will be considerably greater than those of the small : they will 

* Philos. Trans. 1806. 
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ignite and fuse large quantities of platinum wire, and produce 
a rerv brilliant spark between the charcoal points. The fol- 
lowing experiment will illustrate the different effects of quan- 
tity and intensity in the Voltaic apparatus. 

Immerse the platinum wires connected with the extremity 
of a charged battery composed of twelve-inch plates into water, 
and it will be found that the evolution of gas is nearly the same 
as that occasioned by a similar number of two-inch plates. 
Apply the moistened fingers to the wires, and the shock will 
be the same as if there were no connexion by the water. 
While the circuit exists through the human body and the 
water, let a wire attached to a thin slip of charcoal be made to 
connect the poles of the battery, and the charcoal will become 
vividly ignited. The water and the animal substance discharge 
the electricity of a surface probably not superior to their own 
surface of contact with the metals; the wires discharge all the 
residual electricity of the plates; and if a similar experiment 
be made on plates of an inch square, there will scarcely be any 
sensation when the hands are made to connect the ends of the 
battery, a circuit being previously made through water; and no 
spark, when charcoal is made the medium of connexion, im- 
perfect conductors having been previously applied. 

These relative effects of quantity and intensity were admi- 
rably illustrated by the experiments instituted by Mr Children, 
who constructed a battery, the plates of which were two feet 
eight inches wide, and six feet high. They were fastened to a 
beam suspended by counterpoises from the ceiling of his labora- 
tory, so as to be easily immersed into or withdrawn from the 
cells of the acid. The effects upon metallic wires and perfect 
conductors were extremely intense ; but upon imperfect con- 
ductors. such as the human body, and water, they were feeble. 
— Philos . Trans . 1815, p. 363. 

234. One of the most convenient methods of constructing a 
battery of extensive surface has been contrived by Dr Hare, 
fig. 59, who has given the instrument the. name of Calorimotor. 

A a, represent two cubical vessels, twenty inches square, 
inside, b b b A, a frame of wood containing 20 sheets of cop- 
per. and 20 sheets of zinc, alternating with each other, and 
about half an inch apart T T / /, masses of tin cast over the 
protruding edges of the sheets which are to communicate with 
each other. Fig 60, represents the mode in which the junct on 
between the various sheets and tin masses is effected. Between 
the letters z z, the zinc only is in contact with the tin masses. 
Between c c the copper alone touches. It may be observed, 
that, at the back of the frame, ten sheets of copper between c c, 
and ten sheets of zinc between z z, are made to communicate, 
by a common mass of tin extending the whole length of the 
frame, between T T : but in front, as in fig. 59, there is an inter- 
stice between the mass of tin, connecting the ten copper sheets, 
and that connecting the ten zinc sheets. The screw forceps, 
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appertaining to each of the tin masses, may be seen on either 
side of the interstice : and likewise a wire for igniton held 
between them. The application of the rope, pulley, and weights 
is obvious. The swivel at S permits the frame to be swung 
round and lowered into water in the vessel a , to wash off the 
acid, which, after immersion in the other vessel, might continue 
to act on the sheets, encrusting them with oxide. Between 
p p, there is a wooden partition, which is not necessary, though 
/ it may be beneficial. 

f When the copper and zinc surfaces are united by an interven- 

ing wire, and the instrument immersed in the acid liquor in 
the vessel beneath, the wire becomes intensely ignited, and 
when hydrogen is liberated in sufficient quantity it usually 
takes fire producing a very beautiful corruscating flame upon 
the surface of the liquid. (See American Jour . of Science, 
Vol. 1. 413.) 

235 When the extremes of a battery composed of large plates 
are united by wires of different metals, it is found that some 
are more easily ignited than others, a circumstance which has 
Kiwi. 11 ® been referred to their conducting powers : thus, platinum is 
more easily ignited than silver, and silver, than zinc. If the 
ignition be supposed to result from resistance to the passage of 
electricity, we should say that the zinc conducted better than 
Woiiaston*s s ^ ver > a °d the silver than platinum. 

improvement. 236. An important improvement has been suggested in the 
construction of the Voltaic apparatus by Dr Wollaston, (•#«- 
nah of Philosophy , Sept. 1815,) by which great increase of 
quantity is obtained without inconvenient augmentation of the 
PK s> size of the plates : it consists in extending the copper plate, so 
as to oppose it to every surface of the zinc, as seen in fig. 61. 
a is the rod of wood to which the plates are screwed ; bb the 
zinc plates connected as usual with the copper plates cc, which 
are doubled over the zinc plates, and opposed to them upon all 
sides, contact of the surfaces being prevented by pieces of wood 
or cork placed at dd. 

With a single pair of plates of very small dimensions con- 
structed upon this principle, Dr Wollaston succeeded in fusing 
«conImicTi°& an< * igniting a fine platinum wire. From the experience which 
useful form. I have had of this construction, I am inclined to consider it the 
most economical and useful form of the Voltaic apparatus; 
certainly, at least, it is so for all those researches in which there 
is an occasional demand for quantity as well as intensity of 
electricity. (B.) 

pi. 3 . t ■ 237. Fig. 62, represents the improved form of the Voltaic 

apparatus of Dr Hare, which he has called a Deflagrator. It 
consists of four troughs a. a. b. b. each 10 feet long. Each 
nJflllStor. * wo troughs are joined lengthwise, edge to edge, so that 

when the sides of the two b b are vertical, those of the others 
a a are horizontal. The troughs are supported by a frame c c, 
and turn upon pivots d, d. The pivots are made of iron coated 
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with brass or copper, and a communication is made between 
these and the galvanic series within by strips of copper, e. The 
gilranie series of 300 pairs of copper and zinc plates (connected 
isinfigs. 63 and 64, the zinc plates z being between two copper 
plates e e) are placed in the troughs a a*. The acid liquor is 
contained in the troughs b b, and by a partial revolution of the \ 
apparatus is made to flow into the troughs containing the plates. ] 

(See American Jour, of Science , Vol. 3, p. 347.) f 

233. The theory of the Voltaic pile is involved in many 
difficulties. The original source of electricity appears to depend 
upon the contact of the metals, for we know that a plate of silver 
and a plate of zinc, or of any other difficultly and easily oxida- 
ble metals, become negative and positive on contact. The ac- v tltaic pile 
cumulation must be referred to induction , which takes place in 
the electrical column through the very thin stratum of air or 0,in ‘* ucliou - 
paper, and through water when that fluid is interposed between 
the plates. Accordingly we observe that the apparatus is in the 
condition of the series of conductors with interposed air and of 
the Leyden phials, (198.) When the electric column is insulated 
the extremities exhibit feeble negative and positive powers, but 
if either extremity be connected with the ground, the electricity 
of its poles or extremities is greatly increased, as may be shown 
by the increased divergence of the leaves of the electrometer 
which then ensues. 

239. As general changes in the form and constitution of matter Electricity 
are connected with its electrical states, it is obvious that electri- 

city must be continually active in nature. Its effects are ex- 
hibited on a magnificent scale in the thunder-storm, w hich results 
from the accumulation of electricity in the clouds, as was first 
experimentally demonstrated by Dr Franklin, who also first 
showed the advantage of pointed conductors as safeguards for 
buildings. 

240. That arrangements of different organic substances are Arrenge- 
capable of producing electrical effects, has been shown by vari- “S .ub-° r 
ous experimentalists. If the hind legs of a frog be placed upon *p*™ d *^ 
a glass plate, and the crural nerve dissected out of one made ^ trical el * 
to communicate with the other, it will be found, upon making ec 
occasional contacts with the remaining crural nerve, that the 

limbs of the animal will be agitated at each contact. These 
circumstances have induced some physiologists to suppose that 
electricity may be concerned in some of the most recondite co^wT'X 
phenomena of vitalitv, and Dr Wollaston, Sir E. Home, and tb ‘- !; h, ; nu !" e * 
myself, have made some experiments tending to confer proba- 
bility on this idea. — Plilos. Trans. 1809. B. 

241. We have as yet no plausible hypothesis concerning the 
taust of electrical phenomena, though the subject has engaged 
the attention of the most eminent philosophers of Europe. 

They have been by some referred to the presence of a peculiar 

♦The plate* are not rrprearoted in the liwer trough, in order that the interior maybe better 
“•ktttood. 

10 
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fluid existing in all matter, and exhibiting itself by the appear- 
ances which have been described, whenever its equilibrium is 
disturbed, presenting negative and positive electricity when 
deficient and when redundant. Others have plausibly argued 
for the presence of tVo fluids, distinct from each other. Others 
have considered the effects as referable to peculiar exertions of 
the attractive powers of matter, and have regarded the existence 
of any distinct fluid or form of matter to be as unnecessary to 
the explanation of the phenomena, as it is in the question con- 
cerning the cause of gravitation. 

242 . When the flame of a candle is placed between a positive 
and negative surface, it is urged towards the latter ; a circum- 
stance which has been explained upon the supposition of a cur- 
rent of electrical matter passiug from the positive to the nega- 
tive pole; indeed, it has been considered as demonstrating the 
existence of such a current of matter. But if the flame of phos- 
phorus be substituted for that of a candle, it takes an opposite 
direction; and, instead of being attracted towards the negative, 
it bends to the positive surface. It has been shown that inflam- 
mable bodies are always attracted by negative surfaces, and acid 
bodies, and those in which the supporters of combustion pre- 
vail, are attracted by positive surfaces ( 218 .) Hence the flame 
of the candle throwing off carbon, is directed to the negative 
pole, while that of phosphorus forming acid matter goes to the 
positive, consistently with the ordinary laws of electrochemical 
attraction. — Philos. Trans . 1814 . 

243 . There are other experiments opposed to the idea that 
electricity is a material substance. If we discharge a Leyden 
phial through a quire of paper, the perforation is equally bur- 
red upon both sides, and not upon the negative side only, as 
would have been the case if any material body had gone through 
in that direction. The power seems to have come from the 
centre of the paper, as if one half of the quire had been attract- 
ed by the positive, and the other by the negative surface. 

244 . When a pointed metallic wire is presented towards the 
conductor of the electrical machine, in a darkened room, a star 
of light is observed when the conductor is positive, but a 
brush of light when it is negative ; a circumstance which has 
been referred to the reception of the electric fluid in the one 
case, and its escape in the other. In the Voltaic discharge the 
same appearances are evident upon the charcoal point, rays ap- 
pearing to diverge from the negative conductor, while upon the 
positive a spot of bright light is perceptible. But these affec- 
tions of light can scarcely be considered as indicating the emis- 
sion or reception of any specific form of matter. 
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CHAPTER II. 

OF ELECTRO NEGATIVE SUBSTANCES.* 

245. The substances belonging to this class are characterized 
by possessing very energetic powers of combination in respect to 
the simple inflammable bodies, and they are each of them capa- Aciditon* 
ble of producing acids, whence they may also be termed act- pnnc p e, ‘ 
difying principles. When their compounds are submitted to 
electro-chemical decomposition, these elements are attracted by Electron . fJI , 
the positive surface ; hence their natural or inherent electrical 
states may be considered as negative. 

These acidifying, electro-negative substances are three in 
number : 

1. Oxygen. 

2. Chlorine. 

3. Iodine. 


Section I. Nomenclature . 

246. These bodies enter into combination with each other, chemical 
and with other bodies, to be hereafter described, producing no ®« ncUtare * 
compounds, in an account of which it will be necessary to 
make use of the peculiar language of chemistry. The follow- 
ing examples may serve to give some idea of the principles of 
nomenclature generally adopted in chemistry. 

When any body unites with oxygen, whatever the product 
may be, the process is termed oxygenation . When only a 
certain portion of oxygen combines with other bodies, the pro- 
duct not acquiring acid properties, the process is termed oxida- 
tion, and the new compounds are usually distinguished by the 
termination idc , — as oxide of chlorine, oxide of nitrogen. In 
like manner similar combinations of chlorine and iodine are 
distinguished as chlorides , and iodides — thus we have chloride 
of sulphur, iodide of iron, &c. 

When more than one compound of this kind is produced, the 
terminations ous and ic are used to designate the relative pro- • 
portions of the electro-negative substances. Thus nitrogen 
forms two oxides ; that containing the smallest proportion of 
oxygen is the nitrous oxide, that containing the largest the 
nitric oxide. The acid compounds are similarly designated, as 
nitrous and nitric acid ; sulphurous and sulphuric acid ; and 
where there are intermediate compounds the term hypo is occa- 
sionally added to the acid next above it in point of oxidizement. 

I Thus, hyposulphuric acid signifies an acid compound interme- 

* By tome termed timpU tvpporitrt of combustion. 
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diate between sulphurous and sulphuric acids ; hypophosphorom 
acid, an acid containing less oxygen than the phosphorous acid. 

The different combinations of the metals with oxygen, are 
perhaps best distinguished by prefixing to the word oxide the first 
syllable of the Greek ordinal numerals, as originally proposed 
by Dr Thomson. Thus the protoxide of a metal will denote 
the compound containing a minimum of oxygen, or the first oxide 
which the metal is capable of forming ; deut oxide will denote 
the seeond oxide of a metal, fyc. ; and when a metal is combin- 
ed with the largest possible quantity of oxygen, the compound, 
if not acid, may be called peroxide . The same rule applies to 
the chlorides and iodides . 

The acids terminating in ous produce compounds in which 
the termination ite is used ; while those ending in ic form 
compounds in which the ending ate is used. Thus the combi- 
nation of sulphurous acid and potassa, is a sulphite of potassa ; 
that of Sulphuric acid and potassa, a sulphate of potassa. fyc. 

When the same acid combines with more than one oxide of 
the same metal, the first syllable of the Greek ord nal numeral 
is in that case applied to the acid ; thus, the protosulphate and 
persulphate of iron signify the combinations of sulphuric acid 
with the protoxide and peroxide of iron. The term oxysul- 
phate is occasionally used to designate the latter compound, 
and in the same sense we speak of oxynitrates . oxyphosp hates, 
fyc. but the former mode of designation is less equivocal. 

The compounds of the simple inflammable bodies with each 
other, and with the metals, are commonly designated by the 
termination uret, as sulphuret of phosphorus, phosphuret of 
carbon, carburet of iron, fyc. 

The terms bi sulphuret , bi sulphate , bi phosphuret , hi phos- 
phate, fyc. applied to compounds, imply that they contain 
twice the quantity of sulphur, sulphuric acid, phosphorus or 
phosphoric acid, existing in the respective sulphuret, sulphate, 
phosphuret and phosphate. 

The term gas is applied to all permanently elastic fluids, 
Gate*. except the atmosphere, to which the term air is appropriated. 

247. For performing the necessary experiments on gases, 
App»»tu» for maQ y articles of apparatus are necessary, consisting partly of 
vessels fitted for containing the materials that afford them, and 
partly of vessels adapted for the reception of gases, and for sub- 
mitting them to experiment. 

for ,ocuiti ~ For procuring such gases as are producible without a very 
K m« p »?i 0 * strong heat, glass bottles, furnished with ground stoppers and 
ri. 3. bent tubes, are sufficient, fig. 65. Of these, several will be re- 
quired of different sizes and shapes, adapted to different pur- 
poses. If these cannot be procured, a Florence flask, with a 
cork perforated by a bent glass tube, or even by a tin pipe, 
will serve for obtaining some of the gases. 

Those gases, that require, for their liberation, a red heat, may 
be procured by exposing to heat the substance capable of afford- 
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tag them, in coated earthen retorts or tubes; or in a gun bar- / 
reJ, the touch-hole of which has been accurately closed by an 
iron pin. To the mouth of £he barrel must be affixed a glass 
tube, bent so as to convey the gases where it may be requisite. 

A very convenient apparatus, for obtaining such gases as 
cannot be disengaged without a red heat, consists of a cast-iron P1 . 3 . 
retort, having a jointed metallic conducting tube fitted to it by 
grinding; by means of which the gas may be conveyed in any 
direction, and to any moderate distance. It is represented as 
placed, when in actual use, within the bars of a common fire- 
grate, fig. 66, a, b .* 

For receiving the gases, glass jars, of various sizes, figs. 58, 67 foT ^ ctiviag 
and 68, are required, some of which should be furnished with kmc*. 
necks at the top, fitted with ground stoppers. Others should be 
provided with brass caps, and , screws, for the reception of air- 
cocks, fig. 69. Of these last, (the air-cocks) fig. 70, several will 
be found necessary ; and, to some of them bladders, fig. 71, or 
elastic bottles, shquld be firmly tied, for the purpose of trans- 
ferring gases. These jars will also be found extremely useful 
in experiments on the properties and effects of the gases. Some 
of them should be graduated into cubical inches, figs. 69 and 72. 

To contain these jars, when in use, a vessel will be necessa- 
ry, capable of holding a few gallons of water. This may either 
be of wood, fig. 67,5, if of considerable size; or, if small, of 
tin, japanned *>r painted. Fig. 67, f f exhibits a section of 
this apparatus, which has been termed the pneumato-chgmical 
trough, or pneumatic cistern. Its size may vary with that of 
the jars employed ; and, about two or three inches from the 
top, it should have a shelf, on which the jars may be placed, 
when filled with air, without the risk of being overset. In this 
shelf should be a few small holes, fig. 71, to which inverted 
funnels may be soldered t 

A glass tube, about 18 inches long, and three quarters of an Graduated 
inch diameter, fig. 72, closed at one end, and divided into tabc *’ &c - 
cubic inches and tenths of inches, will be required for ascertain- 
ing the purity of air by nitrous gas. It should be accompanied 
also with a small measure, containing about two cubic inches, 
and similarly graduated. For employing the solution of nitrous 
gas in liquid sulphate of iron, glass tubes, about five inches 
long, and half an inch wide, divided decimally, are also neces- 
sary. . Besides these, the experimentalist should be furnished 
with air funnels, fig. 22, for transferring gases from wide to nar- pi. i. 
row vessels, 

248. An apparatus, almost indispensable in experiments on 
this class of bodies, is a gazometer, which enables the chemist Geometer, 
to collect and to preserve large quantities of gas, with the aid 
of only a few pounds of water. In the form of this apparatus 
there is considerable variety ; but, at present, I have no other 

* The wrought iron bottles in which quicksilver b imported form a convenient apparatus for this 
pwpose, a gun barrel beinf screwed into the neck of the bottle. — 

| Fig. 73, PI. 3, represents a very convenient form of this apparatus. 
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view than that of explaining its general construction and use. 
It consists of an outer fixed vessel d (fig. 74) and an inner 
moveable one c, both of japanned iron. The latter slides easily 
up and down within the other, and is suspended by cords pass- 
ing over pulleys, to which are attached the counterpoise, ee. 
To avoid the incumbrance of a great weight of water, the outer 
vessel d is made double, or is composed of two cylinders, the 
inner one of which is closed at the top and at the bottom. The 
space of only about half an inch is left between the two cylin- 
ders, as shown by the dotted lines. In this space, the vessel c 
may move freely up and down. The interval is filled with water 
as high as the top of the inner cylinder. The cup, or rim, at the 
top of the outer vessel, is to prevent the water from overflow- 
ing, when the vessel c is forcibly pressed down, in which situ- 
ation it is placed, whenever gas is about to be collected. The 
gas enters from the vessel in which it is produced, by the com- 
municating pipe b , and passes along the perpendicular pipe, 
marked by dotted lines in the centre, into the cavity of the 
vessel c, which continues rising till it is full; 

To transfer the gas or to apply it to any purpose, the cock b 
is to be shut, and an empty bladder, or bottle of elastic gum, 
furnished with a stop cock, to be screwed on a. When the 
vessel c is pressed down with the hand, the gas passes down 
the central pipe, which it had before ascended, and its es- 
cape at b being prevented, it finds its way up a^)ipe which is 
fixed to the outer surface of the vessel, and which is terminated 
by the cock a . By means of an ivory mouth-piece screwed 
upon this cock, the gas, included in the instrument, may be 
respired ; the nostrils being closed by the fingers. Wheu it is 
required to transfer the gas into glass jars standing inverted in 
water, a crooked tube may be employed, one end of which is 
screwed upon the cock b ; while the other aperture is brought 
under the inverted funnel, fixed into the shelf of the pneumatic 
trough. (See fig. 67.) 

Several alterations have been made in the form of this appa- 
ratus ; but they are principally such as add merely to its neat- 
ness and beauty, and not to its utility ; and they render it less 
easy of explanation. The counterpoises ee are now, generally, 
concealed in the framing, and the vessel c is frequently made 
of glass. 

249. When large quantities of gas are required, (as at a public 
lecture), the gas-holder, (fig. 75) will be found extremely useful. 
It is made of tinned iron-plate, jappanned both within and with- 
out. Two short pipes, a and c, terminated by cocks, proceed 
from its sides, and another, 5, passes through the middle of the 
top or cover, to which it is soldered, and reaches within half an 
inch of the bottom. It will be found convenient also to have 
an air-cock with a very wide bore, fixed to the funnel at b. 
When gas is to be transferred into this vessel from the gazom- 
eter, the vessel is first completely filled with water through the 
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funnel, the cock a being left open, and c shut. By means of a 7 
horizontal pipe, the aperture a is connected with a of the 
gazometer. The cock b being shut, a and c are open, and the 
vessel c of the gazometer (fig. 74,) gently pressed downwards 
with the hand. The gas then descends from the gazometer till 
the air-holder is full, which may be known by the water ceas- 
ing to escape through the cock c. All the cocks are then to be 
shut, and the vessel disunited. To apply this gas to any pur- 
pose, an empty bladder may be screwed on a; and water being 
poured through the funnel 6, a corresponding quantity of gas is 
forced into the bladder. By lengthening the pipe b } the pres- 
sure of a column of water may be added : and the gas, being 
forced through a with considerable velocity, may be applied to 
the purpose of a blow-pipe, &c. &c. The apparatus admits of a 
variety of modifications. The most useful one appears to me 
to be that contrived by Mr Pepys, consisting chiefly in the ad- 
dition of a shallow cistern (fig. 66, c) to the top of the air-holder, 
and of a glass register tube /*, which shows the height of the P1,1, 
water, and consequently the quantity of gas, in the vessel. 

When ajar is intended to be filled with gas from the reservoir, 
it is placed, filled with water, and inverted in the cistern c. 

The cocks 1 and 2 being opened, the water descends through 
the pipe attached to the latter, and the gas rises through the 
cock e. By raising the cistern a to a greater elevation, any 
degree of pressure may be obtained ; and a blow-pipe may be 
screwed on the cock at the left side of the vessel. 

The gazometer, already described, is fitted only for the recep- 
tion of gases that are confinable by water ; because quicksilver 
would act on the tinning and solder of the vessel, and would 
not only be spoiled itself, but would destroy the apparatus. 

Yet an instrument of this kind, in which mercury can be em- MercurUl 
ployed, is peculiarly desirable, on account of the great weight gazometer*. 
of that fluid ; and two varieties of the mercurial gazometer have 
therefore been invented. In that invented by Mr Pepys, the 
cistern for the mercury is of cast-iron. Mr Newman has lately 
joined a gazometer of this kind to an improved mercurial 
trough, by means of which the advantages of both are obtained 
with only 60 or 70 pounds of quicksilver,* (fig. 76.) pi.s. 

• It is not more than 18 inches in length and height; and it is placed in a large japanned tray to 
collect scattered mercury. 

When gas is to be collected in the gasometer, the beak of the retort is placed below the surface 
of the mercury, in the cup at the bottom of the apparatus, and having a bell-shaped vessel immersed 
•a the mercury immediately over it. The trough has a cavity in the middle, large enough to fill a 
jar 10 inches long, and 2 1-2 wide ; and there is a shelf on each side, three inches in width, to support 
containing gas. Opposite to three indentations on the edge of the trough, are three hole** in 
ooe of the shelves, into which the beaks of retorts liberating gas are to be introduced ; or a sliding 
■keif with apertures mny be fitted across the cavity for the same purpose. The g«r.ometer is at one 
*od, a, sod sank below the level of the trough. It is capable of containing 50 cubic inches. A tube, 
connected with the gazometer at the lower part is made to ascend, and passing up through the 
•wary \ a & corner of the trough, at about an inch above, it bends down a g. in, and terminates 
beneath its surface. If the gas is contained in the gazometer. it mav be transfer d to air-jars in f 
the trough, by filling them with mercury, placing them over the end of the bint tube, *nd giving t 
pressure to the gasometer. The air will pats from it along the tube into the jar. By the bend in ' 
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P 250. For those gases that are absorbed by water, a mercurial 
trough is necessary. For the mere exhibition of a few experi- 
ments on these condensible gases, a small wooden trough, 
eleven inches long, two wide, and ttoo deep, cut out of a solid 
block of mahogany, (or soapstone) is sufficient. H. 1. 

251. The apparatus, required for submitting gases to the 
P1 8# action of electricity , is shown in fig. 77 ; where a represents 

the knob of the prime conductor of an electrical machine ; 5, a 
for submitting Leyden jar, the ball of which is in contact with it, as when in 
fncitV-° elec " Ih® ac * charging ; and c, the tube standing inverted in mer- 
cury, and partly filled with gas. The mercury is contained in 
a strong wooden box d, to which is screwed the upright iron 
pillar c, with a sliding collar for securing the tube c in a per- 
pendicular position. When the jar b is charged to a certain 
intensity, it discharges itself between the knob a and the small 
ball i, which, with the wire connected with it, may be occa- 
sionally fitted on the top of the tube c . The strength of the 
shocks is regulated by the distance between a and i. 

By the same apparatus, inflammable mixtures of gases may 
be exploded by electricity. In this case,4iowever, the jar b is 
unnecessary, a spark received by i from a being sufficient to 
kindle the mixture. 

252. Previously to undertaking experiments on the gases, it 
transferring ma y well for an unpractised experimentalist to accustom 
i«e», himself to the dexterous management of gases, by transferring 

common air from one vessel to another of different sizes. 

1. When a glass jar, closed at one end, is filled with water, 
and held with its mouth downwards, in however small a quan- 
tity of water, the fluid is retained in its place by the pressure 
of the atmosphere on the surface of the exterior water. Fill in 
this manner, and invert, on the shelf of the pneumatic trough, 

pi. 3 . one of the jars, which is furnished with a stopper (fig. 58). The 
water will remain in the jar so long as the stopper is closed ; 
but immediately on removing it, the water will descend to the 
same level within as without ; for it is now pressed, equally 
upwards and downwards, by the atmosphere, and falls therefore 
in consequence of its own gravity. . 

2. Place the jar, filled with water and inverted, over one of 
the fuhnels of the shelf of the pneumatic trough. Then take 
another jar, filled (as it w ill be of course) with atmospherical 
air. Place the latter with its mouth on the surface of the water; 
and on pressing it in the same position below the surface, the 
included air will remain in its situation. Bring the mouth of 


i 


the tube, the mercury is prevented from passing into the lower part of the gasometer, whi e at the 
same time the gas is allowed a free passage. All inconvenience is prevented by means of a stop-cock, 
which shuts off the communication between the receiver and the trough, preventing at the same time 
the escape of air from the gazometer, and of mercury into it. A sliding shelf is fixed beneath the 
trough to support a spirit-lamp under a retort, or for other purposes. A detonating tube and spring 
are also attached to the apparatus by a clamp and screws, and maybe fixed on any side of the 
trough. The whole apparatus is of iron, excepting sometimes the pillars which support it, and which 
may be of brass. 
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the jar beneath the funnel in the shelf, and incline it gradually* 
The air will now rise in bubbles, through the funnel, into the 
tipper jar, and will expel the water from it into the trough. 

3. Let one of the jars, provided with a stop-cock at the top, 
be placed full of air on the shelf of the trough. S£rew upon it 
an empty bladder ; open the communication between the jar and 
the bladder, and press the former into the water, fig. 71. The 
air will then pass into the bladder, till it is filled ; and when 
the bladder is removed from the jar, and a pipe screwed upon 
it, the air may be again transferred into a jar inverted in water. 

4. For the purpose of transferring gases from a wide vessel 

standing over water, into a small tube filled with and inverted 
in mercury, I have long used the following contrivance of Mr 
Cavendish. A tube, eight or ten inches long, and of very small 
diameter, is drawn out to a fine bore, and bent at one end, so 
as to resemble the Italic letter /. The point is then immersed 
iu quicksilver, which is drawn into the tube till it is filled, by 
the action of the mouth. Placing the finger over the aperture 
at the straight end, the tube is next conveyed through the wa- 
ter, with the bent end uppermost, into an inverted jar of gas. 
When the finger is removed, the quicksilver falls from the tube 
into the trough, or into a cup placed to receive it, and the tube 
is filled with the gas. The whole of the quicksilver, however, 
must not be allowed to escape ; but a column must be left, three 
or four inches long, and must be kept in its place by the finger. 
Remove the tube from the water ; let an assistant dry it with 
blotting paper ; and introduce the point of the bent end into 
the aperture of the tube standing over quicksilver. On with- 
drawing the finger from that aperture which is now uppermost, 
the pressure of the column of quicksilver, added to the weight 
of the atmosphere, will force the gas from the bent tube into 
the one standing in the mercurial trough. — 

253. The method of weighing gases is very simple, and 
easily practised. For this purpose, however, it is necessary to 
be provided with a good air-pump ; and with a globe or flask, 
furnished with a brass cap and air-cock, as shown fig. 69, b. A 
graduated receiver is also required, to which an air-cock is 
adapted, as shown at a. 

Supposing the receiver a to be filled with any gas, the weight 
of which is to be ascertained, we screw the cock of the vessel 
b on the transfer plate of an air-pump, and exhaust it as com- 
pletely as possible. The weight of the exhausted vessel is then 
very accurately taken, even to a small fraction of a grain ; and 
it is screwed upon the air-cock of the receiver a . On opening 
both cocks, the last of which should be turned very gradually, 
the gas ascends from the vessel a ; and the quantity, which 
enters into the flask, is known by the graduated scale on a. On 
weighing the vessel a second time, we ascertain how many 
grains have been admitted. If we have operated on common 
air, we shall find its weight to be at the rate of about 30,5 grains 
11 \ 
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to 100 cubic inches. The same quantity of oxygen gas will 
weigh about 34 grains, (33,8888 T.) and of carbonic acid gas, 
upwards of. 47 grains, (46,5972 T.) 

Circumstan- 254. In experiments of this kind, it is necessary either to 
uldtttf °P erate with the barometer at 30 inches, and the thermometer 
at 60° Fahrenheit, or to reduce the volume of gas employed to 
that pressure and temperature, by rules which are given be- 
low.* Great care is to be taken, also, not to warm any of the 
vessels by contact with the hands, from which they should be 

r defended by a glove. On opening the communication between 

* Rules for reducing the Volume of Oases to a mean Height of the Barometer , and mean 

Temperature . 

i. From the space occupied by any quantity of gas under an observed degree qf pressure , to infer 
what its volume would be under the mean height of the barometer , taking this at 90 inches, as is 
non most usual. 


This it done by the rale of proportion ; for, as the mean height it to the observed height, to is the 
observed volume to the volume required. For example, if we wish to know what space would b« 
filled, under a pressure of SO inches of mercury, by a quantity of gas, which fills 100 inches, when the 
barometer is 29 inches. 

30 : 29 : * 100 : 98,66. 

The 100 inches would, therefore, he reduced to 96,66. 

ii. To estimate what would be the volume of a portion qf gas, if brought to the temperature of 
60° Fahrenheit. 

Divide the whole quantity of gas by 480 ; the quotient will show the amount of its expansion or 
contraction by each degree of Fahrenheit's thermometer. Multiply this by the number of degreei, 
which the gas exceeds, or falk below 60 9 . If the temperature of the gas be above 60*, subtract, or 
if below 60°, add, the product to the absolute quantity of gas ; and the remainder in the first caie,sr 
sum in the second, will be the answer. Thus, to find what space 100 cubic inches of gas at 60° would 
occupy if raised to 60°, divide 100 by 480 : the quotient 0,208 multiplied by 10 gives 2,06, which 
added to 100 gives 102,08, the answer required. If tbe temperature had been 70*. and we bad 
wished to know the volume which the gas would have occupied at 60°, the same number 2,01 west 
have been subtracted from 100, and 97,92 would have been the answer. 

iii. In some cases, it is necessary to make a double correction, or to bring the gtu to a mean both of 
the barometer and thermometer. Wc must then first correct the temperature, and afterwards the 
pressure. Thus, to know what space 100 inches of gas at 70° Fahrenheit, and 29 inches barometer 
would fill at 60° Fahrenheit and 30 inches barometer, we first reduce the 100 inches, by the second 
process, to 97,92. Then by the first, 

30 : 29 : : 97,92 : 94,63. 

Or 100 inches thus corrected, would be only 94,63. 

iv. To ascertain what would be the absolute weight of a given volume qf gas at a mean tempera- 
ture, from the known weight of an equal volume at any other temperatare : first, find by the second 
process what would be its bulk at a mean temperature ; and then say, as tbe corrected bulk is to the 
actual weight, so is the observed bulk to the number required. Thus, if we have 100 cubic inches of 
gas weighing 50 grains at 60° Fahrenhsit, if the temperature were raised to 60° they would expend 
to 102,08. And 

102,08 : 60 : : 100 : 49. 

Therefore 100 inches of the same gat at 60° would weigh 49 grains. 

v. To learn the absolute weight of a given volume of gas under a mean pressure, from its known 
weight under an observed pressure, say as tbe observed pressure is to the mean pressure, so is tbs 
observed weight to the corrected weight. For example, having 100 inches of gas which weigh 60 
grains under a pressure of 29 inches, to know whst 100 inches of the same gas would weigh, ths 
barometer being 30 inches, 

29 : 80 : : 50 : 51,72. 

Then 100 inobesof the tame gas, under 30 inches pressure, would weigh 61,72 grains. 

vi. In some cases it is necessary to combine the two last calculations Thus, if 100 inches of gas 
at 50* Fahrenheit, and under 29 inches pressure, weigh 50 grains, to find what would be tbe weight 
of 100 inches at 60* Fahrenheit, and under SO inches of the barometer, first correct tbe temperature- 
which reduces tbe weight to 49 grains. Then, 

29 : 30 : ; 49 : 60,7. 

100 inches, therefore, would weigh 50,7 grains. H. 1. 23. 

For Mr. Dalton's formula for the corrections for moisture in gases, see H. 1, 25. 
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the receiver and the exhausted globe, if any water be lodged 
in the air-cock attached to the former, it will be forcibly driven 
ioto the globe, and the experiment will be frustrated. This 
may be avoided by using great care in filling the receiver with 
water, before passing into it the gas under examination. 

255. The specific gravity of any gas compared with common 
air is readily known, when we have once determined its abso- 
lute weight. Thus, if 100 cubic inches of air weigh 30,5 grains, 
and the same quantity of oxygen gas weighs 33,8888 grains, 
we say, 

30,5 : 33,8888 : : 1,000 : 1,1111. 

The specific gravity of oxygen gas will therefore be as 1,1111 
to 1,000. We may determine, also, the specific gravity of gases, 
more simply, by weighing the flask, first when full of common 
air, and again when exhausted ; and afterwards by admitting 
into it as much of the gas under examination as it will receive ; 
and weighing it a third time. Now as the loss between the first 
and second weighing is to the gain of weight on admitting the 
gas, so is common air to the gas whose specific gravity we are 
estimating. Supposing for example, that by exhausting the 
flask it loses 30,5 grains, and that by admitting carbonic acid it 
gains 46,5972 ; then 

30,5 : 46,5972 : : 1,000 : 1,5277. 

The specific gravity of carbonic acid is therefore . 1,5277, air 
being taken at 1,000. And knowing its specific gravity, we 
can, without any further experiment, determine the weight of 
100 cubic inches of carbonic acid ; for as the specific gravity of 
air is to that of carbonic acid, so is 30,5 to the number requir- 
ed; or 

1,000 : 1,5277 : : 30,5 : 46,5948. 

One hundred inches of carbonic acid, therefore, will weigh 
46,5948 grains. H. 1. 21. 


Section II. Of Oxygen. 

256. Oxygen has never been obtained in a state of complete 
separation. In the state of gas, it is combined with caloric, and 
probably with light and electricity. It was discovered in 1774 
by Dr Priestley who gave it the name of dephlogUticattd air. 

257. This gas may be obtained from various substances. 1. 
From the black oxide of manganese, heated to redness in a gun- 
barrel, or in an iron retort ; or from the same oxide, heated by a 
bmp in a retort, fig. 67, c, or gas bottle, fig. 65, with half its weight 
of strong sulphuric acid. One pound of manganese is capable of 
furnishing from, 40 to 50 wine pints of gas. But as manganese 
is often contaminated with a small proportion of carbonate of 
lime, it i? advisable, before using it, to wash it with muriatic 
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acid diluted with 15 or 20 parts of water ; then with distilled 
water ; and afterwards to dry it at a moderate heat. 

2. From the red oxide of lead (the common red lead) used 
by painters, heated either with or without half its weight of 
con entrated sulphuric acid. 

3. From various other oxides, as will be hereafter mentioned. 

4. From nitrate of potash (common saltpetre) made red-hot 
in a gun-barrel, or in a coated earthen retort. 

5. From chlorate of potash, heated in a small glass retort, 
over an Argand’s lamp. The oxygen gas thus produced is 
much purer than that obtained in any other mode, especially 
Jhe last portions, which should be kept separate. It will be 
found, also, to be much less contaminated with common air, if 
heated in a small matrass, which is best when of green glass. 
The\chlorate of potash may be introduced while the tube is 
straight, which allows us to make use of one of very small 
diameter, after this it may be bent by a spirit lamp, as in fig. 49. 

258. All these substances, after having yielded oxygen gas, 
are found considerably diminished in weight ; and calculating 
each cubic inch of gas to be equal to one-third of a grain, the 
loss of weight will be found pretty exactly equivalent to that 
of gas generated. 

259. Oxygen gas is insipid, colourless and inodorous. It is 

so sparingly absorbed by water, that when agitated in contact 
with it, no perceptible diminution takes place. It is rather hea- 
vier than common air ; its specific gravity is 16, hydrogen being 
assumed = 1.* 100 cubical inches at mean temperature and 

pressure weigh 33,8888 grains. (T.) 

260. It refracts the rays ot light less than any other gas. 
When suddenly and strongly compressed, not only heat is evolv- 
ed, but the gas becomes luminous , a property belonging to no 
other simple gas except chlorine. H. 1. 207. 

261. It is a powerful supporter of respiration and combustion. 
A small animal, confined in oxygen gas, lives thrice as long as 
when confined in the same bulk of common air. — This effect 
seems connected with the absorption of oxygen by the blood. 
— Pass up a little dark-coloured blood into a jar partly filled with 
oxygen gas, hnd standing over mercury. The gas will be in 

E art absorbed, and the colour of the blood will be changed to a 
right and florid red. This change to red may be shown, by 
putting a little blood into a common vial fillled with oxygen 
gas, and shaking it up. H. 

262. All combustible bodies burn in oxygen gas with greatly 
increased splendour. 

A lighted wax taper, fixed to an iron wire, and plunged into 
a vessel of this gas, burns with great brilliancy, fig. 50. If 
the taper be blown out, and let down into a vessel of the gas 
while the snuff remains red-hot, it instantly rekindles, with a 
slight explosion. 

• It* specific gravity according to the latest experiments ft Thomson, is 1,1111, that of common ok 
being taken as 1. 
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A red-hot bit of charcoal, fastened to a copper wire, and im- Exp. 
mersed in the gas, throws out beautiful sparks. 

The light of phosphorus, burnt in this gas, is the brightest £*p* 
that can be in ainy mode produced. If we except perhaps romHtticn 
ignition of charcoal by voltaic electricity. Let the phosphorus^^^ 
be placed in a small hemispherical tin cup, which may be raised ^ 
by means of the wire stand, fig. 36, two or three inches above pus. 
the surface of water contained in a broad shallow dish. Fill a 


bell-shaped receiver, having an open neck at the top, to which 
a stopper is ground, with oxygen gas; and, as it stands inverted 
in water, press a circular piece of pasteboard, rather exceeding 
the jar in diameter, over its mouth. Cover the phosphorus 
instantly with the jar of oxygen gas, retaining the pasteboard 
in its place, till the jar is immediately over the cup. When 
this has been skilfully managed, a very small portion only of 
the gas will escape. The stopper may now be removed, when 
the water will rise to the same level within as without the jar, 
and the phosphorus may be kindled by a heated copper wire. 

Substitute for the phosphorus a small ball formed of turnings Ejpi 
of zinc, in which about a grain of phosphorus is to be enclosed. 

Set fire to the phosphorus as before. The zinc will be inflamed, or *i oe *»£ 
and will burn with a beautiful white light. A similar experi- oUwr “ etolfc 
ment may be made with metallic arsenic, which may be moist- 
ened with spirit of turpentine. The filings of various metals 
may also be inflamed, by placing them in a small cavity, formed 
in a piece of charcoal, igniting the charcoal, and blowing, on 
the part containing the metal, a stream of oxygen gas from a 
bladder, or the gas-holder, fig. 66, d. 

Procure some thin harpsichord wire, and twist it round a Eip. 
slender rod of iron or glass, so as to coil it up in a spiral form. 

Then withdraw the rod, and tie a little thread or flax round 
one end of the wire, for about one 20th of an inch ; which end 
is to be dipped into melted sulphur. The other end of the 
wire is to be fixed into a cork ; so that the spiral may hang 
vertically (fig. 78). Fill, also, with oxygen gas, a bottle capa- 
ble of holding about a quart, and set it with its mouth upwards. 

Then light the sulphur and introduce the wire into the bottle of 
gas, suspending it by the cork. The iron will burn with a 
most brilliant light, throwing out a number of sparks, which 
fall to the bottom of the bottle, and generally break it. This 
accident, however, may frequently be prevented by pouring 
sand into the bottle, so as to lie about half an inch deep on the 
bottom. According to Mr Accum,* a thick piece of iron or 
steel, such as a file, if made sharp pointed, may be burnt in 
oxygen gas. A small bit of wood is to be stuck upon its extrem- 
ity, and set on fire, previously to immersion in the gas. 

A little of Horn berg’s pyrophorus, a substance to be hereafter Eip. 
described, when poured into a bottle full of this gas, immedi- 
ately flashes like inflamed gunpowder. H.l. 208. 

• Nichobon's Journal. 9fo. i. 3J0. 
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Its Tolnmr 263. During every combustion in oxygen gas, the gas suffers 
iog combus* a considerable diminution. — To exhibit this, experimentally, in 

tio0 '* a manner perfectly free from all sources of error, would require 

such an apparatus as few beside adepts in chemistry are likely 
to possess. The apparatus required for this purpose is describ- 
ed in the 6th chapter of Lavoisier’s Elements. The fact may, 
however, be shown, less accurately by the combustion of phos- 
phorus, in the manner which has been already described. The 
first effect of the combustion will be a depression of the water 
within the jar ; but when the combustion has ceased, and the 
vessel has cooled, a considerable absorption will be found to 
have ensued. 

Those persons who are possessed of a mercurial apparatus 
may repeat this experiment in a less exceptionable manner. Oq 
the surface of the quicksilver, let a small hemispherical cup 
float, made of untinned sheet-iron $ and, in order to keep it from 
the sides of the jar, it may rest on a wire stand, shaped like the 
^ I# figure 21. Let a jar, the height and diameter of which must 
be regulated by the size of the mercurial trough, be filled with 
oxygen gas over water and be removed, by means of a piece of 
pasteboard, as before described, to the mercurial bath, inverting 
it dexterously over the tin cup. If the phosphorus had been 
previously set on fire, a large quantity of the gas, expanded by 
the heat, would have escaped, and would have prevented the 
accurate measurement of the absorption. After drying the 
surface of the mercury within the jar by blotting paper, a por- 
tion of the included gas must, therefore, be removed. This is 
done by an inverted syphon, one leg of which is to be intro- 
duced (in the same manner as is shown at fig. 79,#) within the 
jar, before placing it over the mercury; and the gas will be 
forced through the open extremity of the other, when the jar is 
pressed down into the quicksilver. When the proper quantity 
has been expelled, remove the syphon. The cup containing the 
phosphorus, will thus rest on the surface of the quicksilver 
within the jar, and above the level of the mercury without 
The phosphorus is to be inflamed by passing a crooked iron 
wire, made red hot, through the quicksilver. On the first im- 
pression of the heat, arising from its combustion, the included 
gas will be considerably expanded ; but, when the phosphorus 
has ceased to burn, a considerable absorption will be found 
to have taken place, the amount of which may be mea- 
sured by ascertaining the height of the quicksilver, within the 
jar, before and after the experiment. The quantity of phospho- 
rus employed should be very small, and should not bear a 
greater proportion than that of 10 grains to each pint of gas; 
otherwise the combustion will go on so for as to endanger the 
. breaking of the jar, by the approach of the inflamed phosphorus, 
x In this process, a white dense vapour is produced, which 
condenses on the inner surface of the jar in solid flakes. This 
substance has strongly acid properties ; and, being formed by * 
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tkeBDion of oxygen with phosphorus, is termed the phosphoric 

add. 

264 . The diminution of the volume of oxygen gas, by the 
combustion of other bodies, may be ascertained in a similar 
manner. When the substance employed is not easily set on 
fire, it is proper to enclose, along and in contact with it, a small 
bit of phosphorus, the combustion of which excites sufficient 
heat to inflame iron-turnings, charcoal, &c. In the instance of 
charcoal, however, though that substance undergoes combus- 
tion, no absorption ensues ; because, as will appear in the sequel, 
the product is a gas, occupying exactly the same bulk as the 
oxygen gas submitted to experiment. H. 1.210. 

265. The phenomena of combustion were referred by Stahl 
and his associates, to a peculiar principle which they called 
phlogiston ; it was supposed to exist in all combustibles, and 
combustion was said to depend upon its separation ; but this 
explanation was absurdly at variance with the well-known fact, 
that bodies during combustion increase in weight. 

266. All bodies, by combustion in oxygen gas, acquire an 
addition to their weight ; and that the increase is in proportion 
to the quantity of gas absorbed, viz. about one third of a grain 
for every cubic inch of gas. — To prove this by experiment, 
requires also a complicated apparatus. 

But sufficient evidence of this fact may be obtained by the 
following very simple experiment. Fill the bowl of a tobacco- 
pipe with iron wire coiled spirally, and of known weight : let 
the end of the pipe be slipped into a brass tube, which is screw- 
ed to a bladder filled with oxygen gas : heat the bowl of the 
pipe, and its contents, to redness in the fire, and then force 
through it a stream of oxygen gas. from the bladder. The iron 
wire will burn ; will be rapidly oxidized ; and will be found, 
when weighed, to be considerably heavier than before. When 
completely oxidized in this mode, 100 parts of iron wire gain 
an addition of about 30. 

267. After the discovery of oxygen gas, it was adopted by 
Uvoisier as the universal supporter of combustion. The basis 
of the gas was supposed to unite to the combustible, and the 
heat and light which it before contained in the gaseous state, 
were said to be evolved in the form of flame. But in this case, 
several requisites are not fulfilled ; the light depends upon the 
combustible, and not upon the quantity of oxygen consumed ; 
and there are very numerous instances of combustion in which 
oxygen, instead of being solidified, becomes gaseous during the 
operation ; and, lastly, in others, no oxygen whatever is pre- 
sent Combustion, therefore, cannot be regarded as dependent 
upon any peculiar principle or form of matter, but must be con- 
sidered as a general result of intense chemical action. It may 
he connected with the electrical energies of bodies; for all 
hodjes which powerfully act upon each other, are in the oppo- 
site electrical states of positive and negative ; and the evolution 
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of heat and light may depend upon the annihilation of these 
opposite states, which happens whenever they combine.* B. 

268. The substances, capable of uniting with oxygen, afford 
one or other of the following products ; 1st, an acid ; 2dly, an 
alkali or earth ; or 3dly, an oxide . 

269. But oxygen is not essential to the acidity of a com- 
pound, for some bodies are rendered acid by union with chlo- 
rine, others by hydrogen ; and the theory of Lavoisier which 
considered oxygen as the essential principle of acidity, and in 
conformity to which its present name was assigned to itt can 
no longer be received as correct. The alkalis and earths are 
chiefly distinguished, by acting as bases, with which the acids 
combine, with the loss generally of the separate characters of 
each (34). In some respects the alkalis agree with the 3d class 
of compounds, viz. oxides. 

In many instances, a combustible body, which affords an acid 
when united with a certain quantity of oxygen, gives an oxide 
when combined with a less quantity ; and the acid may be 
brought back to the state of an oxide by separating part of its 
oxygen. A few of the metals also, combined with a small pro- 
portion of oxygen, give oxides capable of uniting with acids 
and of composing salts , and again united with more oxygen 
yield an acid which is susceptible, with alkalis and earths, of 
forming saline compounds. H. 1. 212. 


Section III. Of Chlorine . 

270. Chlorine was discovered by Scheele in 1774; it was 
called by him dephlogisticated marine acid . The term oxy- 
muriatic acid was afterwards applied to it by the French 
chemists. 

271. Chlorine gas may be formed by either of the following 
processes : 

1. Into a stoppered retort introduce eight ounces of liquid 
muriatic acid, sp. gr. 1,160, and four ounces of finely powdered 
manganese, and apply the heat of a lamp. A gas will be pro- 
duced which may be received, in the usual manner over water, 
of the temperature of 80° or 90°. From these materials about 
160 cubical inches may be obtained. 

2. Grind together in a mortar eight ounces of muriate of soda 
(common salt) with three ounces of powdered manganese ; put 
them into a stoppered retort. On applying a gentle heat, gas will 
be produced, as in process 1. But as the gas is absorbed by con- 
tact with cold water, though not rapidly, it should be received, 

* There can be little doubt, that the heat at well at the light, hat itt origio partly from the o?yg*“ 
gat, and partly from the combustible body ; but the precite quantity due to each can tcarcely be 
considered at yet determined. — Lavoisier hat endeavoured to prove that a given weight of oxygf" 
abandons very different quantities of heat, when combined with different inflammable bodies. U* 

t From o£vc> acid, and ytnojjuu* to generate. 
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when it is intended to be kept, in bottles filled with, and in- 
verted in, water of the temperature of 80° or 90° Fahrenheit, 
and provided with accurately ground stoppers. It will be found 
also much to diminish the loss of gas by absorption, if it be 
made to issue from a gas bottle, the tube of which is sufficiently 
long to reach nearly to the bottom of the inverted receiving 
bottle, as in fig. 80.) The stopper must be introduced under 
water, while the water remains quite full of the gas and invert- 
ed, and no water must be left in the bottle, along with the gas.* 
2?2. Chlorine is an elastic, gaseous fluid, it has a pungent 
disagreeable odour, and is highly injurious when respired even 
largely diluted with atmospheric air. Its colour is greenish 
yellow, hence its name.t 

273. Chlorine gas, in its ordinary state, destroys all vegetable 
colours. This may be shown by passing, into the gas confined 
by water, a piece of paper stained with litmus, the colour of 
which will immediately disappear. Hence the application of 
this gas to the purpose of bleaching, its power of effecting 
which may be shown by confining, in the gas, a pattern of 
unbleached calico, which has been previously boiled in a weak 
solution of caustic potash, and then washed in water, but not 
dried. Chlorine gas, however, which has been carefully dried 
by solid chloride of calcium, and into which perfectly dry lit- 
mus paper is introduced, produces no change of colour in the 
litmus, a sufficient proof that its bleaching power depends on 
the presence and decomposition of water. H. 1. 215. 

274. Dry chlorine, is not condensible by a cold of — 40° F. ; 
but either the moist gas, or a solution of chlorine in water, 
crystallizes at -f- 40. The crystals may be obtained by intro- 
ducing, into a clean bottle of the gas, a little water, and exposing 
the bottle for a few days to a temperature at or below freezing, 
in a dark place. A solid compound of chlorine and water is 
formed, which, in a day or two, sublimes and shoots into delicate 
prismatic needles, extending from half an inch to two inches 
into the atmosphere of the bottle. When these crystals are put 
into alcohol, they increase its temperature 8° or 10°, a rapid 
action takes place, with the formation of much ether and 
muriatic acid, and a small proportion of a triple compound of 
chlorine, hydrogen, and carbon. These crystals, which were 
first obtained by Mr Faraday, appear to be composed of chlo- 
rine 27. 7 -f- water 72. 3=1004 — ' Annals of Philos. 2d Series , 
V. 304. 

275. When a portion of this solid and dried hydrate in a 
small bent tube, hermetically sealed, is heated to 100° a yellow 
vapour forms which condenses in the cool part of the tube into a 

Mo tome chemical works the proportions of 1 part of mrtng'anesc, 9 of salt, and 2 of sulphuric acid 
u* recommended, bat this mixture is apt to boil over into the neck of the retort. 

f From CT** 0, 

tThis nearly accords with 10 atoms water=90 (hydrojjor=l) -f* 1 atom cMorim=33. H. Aecord- 
>a5to Dr Thomson it is a decahydratt \ 10 atoms water=ll. 26 (ox vg< u=l) -j-1 atom chlmine=4. 6. 
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liquid heavier than water. On’ relieving the pressure by break- 
ing the tube, the chlorine instantly assumes the state of gas. 
These facts were discovered by Mr Faraday. ( See Boston 
Jour, of Philos. Vol . 1 . p. 516.) 

276. When chlorine is suddenly and considerably condensed 
by mechanical pressure, not only heat is evolved, as from all 
other gases, but light also. It is not altered by exposure to 
pi. a. very high temperatures. By means of the apparatus, fig. 
hi D h tem d iL Davy exposed it to the continued action of charcoal 

intensely ignited by Voltaic electricity, without the smallest 
change in its properties. 

| A glass globe a, of about four inches’ diameter, has at its upper 
E *p- I part a sliding wire passing air-tight through a ground col- 

lar by to the lower end of which is attached a piece of well- 
burned charcoal c : at the bottom is a stop-cock supporting a 
brass pincers, in which is another pointed piece of charcoal c; 
the globe is exhausted upon the air-pump, filled with chlorine, 
and the stop-cock d and sliding wire e attached to the extremi- 
ties of the Voltaic apparatus j the charcoal points are then 
brought into contact by pushing down the upper wire, and they 
/ are thus retained as long as necessary in intense ignition. B. 
s pc.fi * " 2 ?7. Chlorine is heavier than common air. Its specific grav- 
gflvity. ity is (according to Dr Thomson) 2. 5, (air=l) which, taking 
his statement of the sp. gr. of hydrogen, viz. 0,0694 would 
make it 36 times the weight of hydrogen. From other data it 
had been calculated to be only 33£ t^imes heavier than hydro- 
gen. H. 100 cubic inches weigh 76. 25 grains. T. 

Absorbed by 278. At the temperature of 60°, water dissolves or absorbs 
waien two volumes of chlorine. The best method of effecting the 
impregnation of water with this gas is by means of a Woulfe’s 
apparatus, (fig. 81)* the bottles being surrounded by ice-cold 
water. 

solution in The wa tery solution if perfectly free from common mu- 

wate^ “ riatic acid, has not the usual taste of an acid, but an astringent 

* In several instances, the substance raised by distillation is partly a condensible liquid, and partly a 
fas, which is not condensed, till it is brought into contact with water. To effect this doable purpose, 
a series of receivers, termed Waulfe’s apparatus, is employed. The first receiver (6, fig. 81) has a 
right-angled glass tobe, open at both ends, fixed into its tubulure ; and the other extremity of the tube 
itm.ide to terminate beneath the surface of distilled water, contained, as high as the horiaontal dotted 
line, in the three-necked bottle e. From another neck of this bottle, a second pipe proceeds, which 
ends, like the first, under water, contained in a second bottle d. To the central neck, a straight tube, 
open at both ends, is fixed, so that its lower end may be a little beneath the surface of the liquid. Of 
these bottle.* any number may be employed that is thought necessary. 

The materials being introduced into the retort, the arrangement completed, and the joiota secured, 
the distillation is begun. The condensable vapour collects in a liquid form in the balloon b, while the 
•evolved gas passes through the bent pipe, beneath the surface of the water in c, which continues to 
absorb it till saturated. When the water of the first bottle can absorb no more, the gas passes, 
sjocondens d, through the second right-angled tube, into the water of the second bottle, which, in its 
lorn, becomes saturated. Any gas that may be produced, which is not absorbable by water, escapes 
through the bent tube e, and may be collected, if necessary. # 

Supposing the bottles to be destitute of the middle necks, a id, consequently, without the perpendicular 
tubes, the process would be liable to be interrupted by an accident : for if, io consequence of a dimin- 
ished temperature, an absorption or condensation of gas should take place, in the retort a, and, ot 
course, in the balloon b, it must necessarily ensue that the water of the bottles e and d would be forced, 
by the pressure of the atmosphere, into the balloon, and possibly into the retort; but, with the addition 
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one. Its parity from muriatic acid may be ascertained by a 
sofation of nitrate of mercury, which is not precipitated by pure 
cMonoe 

The watery solution has the colour and peculiar smell of the Properties. 

S is, and has a similar property of discharging vegetable colours, 
ence it may be employed in bleaching. H. 

This may be illustrated by placing a few strips of dyed linen its use in 
eloth of different colours in a solution of chlorine, the colours ble * chin *- 
will soon be discharged. 

When the watery solution of chlorine is exposed to a tempe- Fffeclof 
rature only a little above that of freezing water, the gas, which <»m, 
is combined with it, separates in the form of a liquid, heavier 
than water. 

280. Chlorine is not altered by the temperature of boiling ofh#at# 
water; for its solution may be raised in distillation, and again 
condensed without change* 

281. When the solution of chlorine in water is exposed to the 0 f the sun’s 
direct rays of the sun, oxygen gas is obtained, and the acid **** 
passes to the state of muriatic acid. 

282. Placed in the current of the electric fluid, the chlorine, Decomposed 
and the oxygen of the water, arrange themselves at the positive, 
and the hydrogen at the negative pole. 

283 When a burning taper is immersed in a jar of chlorine, Exp. 
the flame becomes red, a dense smoke arises, and the taper is 
soon extinguished. Many bodies, such as phosphorus, and ^^uiTibu. 
several of the metals, when in a finely divided state, are sponta- 
neously ignited by chlorine and burn in it with much brilliancy.* 

In these cases binary compounds result, some of which, like 
those of oxygen, are possessed of acid properties : others are 
not acid : and such compounds with oxygen being called oxides, 
those which chlorine forms may be termed chlorides . 

284. Chlorine was once regarded as composed of oxygen and Formerly- 
muriatic acid, a fallacy arising from the presence of water, and 
which will be rendered more intelligible under the bead Muri- 
atic Add. B. 

2&5. s Chlorine and Oxygen . — When chlorate of potash (a E uchiorin« 
salt which will be afterwards described) is distilled, at a gentle *»*• 
heat, with weak muriatic acid, a gas may be collected over 
mercury, which is found to differ essentially from chlorine. 

Its colour has a dense tint of brilliant yellow green ; and its 
smell resembles that of burnt sugar, mixed with the peculiar 
smell of chlorine. Water takes up eight or ten times its volume, 

•fthe central lobes, a sufficient quantity of air roshes through them to supply any accidental vacuum* ^ 

This inconvenience, however, is still more conveniently obviated by Weltlier’s tube of safety (fig. 8S 
kt.) which supersedes the expediency of three-necked bottles. The apparatus being adjusted, as shown 
hf the figure, a small quantity of water is poured into the funnel, so as to about half fill the baU b. 

Whet any absorption happens, the fluid rises in the ball, till none remains in the tube, when a quan- 
tity ef air immediately rushes in. On the other band, no gas can escape, because any pressure from 
*ifUa is instantly followed by the formation of a high column of liquid in the perpendicular part* 

*tikh resists the egress of gas. J 

•The temperature of the gas should not be much below 70° FahAfnbeit 
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and acquires an orange tint. It has been called by its discov- 
erer, Sir H. Davy, Euchloric gas , or simply Euchlorine. 
Gay-Lussac has proposed for it the name of oxide of chlorine ; 
but it may, with more propriety, be called Protoxide of Chlo- 
rine. 

t ■— 286. Euchlorine explodes by a gentle heat, applied to the 
4 vessel which contains it, and five parts in volume become 
composition. s i x> consisting of a mixture of oxygen and chlorine gases, in 
such proportions, that euchlorine must be composed of two in 
volume of chlorine and one of oxygen, the latter being con- 
densed into half its bulk, or by weight of 

Chlorine .... 81.44 ... • 100. 

Oxygen ..... 18.56 .... 22.79 


^ . 100 . 

These proportions indicate, that euchlorine is constituted of 
one atom of chlorine = 36 -(-one atom of oxygen = 8 and hence 
its atom must weigh 44, hydrogen being = 1. 

When detonated with twice its volume of hydrogen gas, there 
is a condensation of more than two-thirds of the mixture, and 
liquid muriatic acid is formed. 

287. Mercury has no action on euchlorine at common tem- 
Propcrtie*. peratures, antimony and copper burn in it, if introduced pre- 
viously heated. Sulphur and phosphorus decompose it; and 
charcoal, already ignited, burns in it with a dull red light. 
Nitrous gas condenses it with red fumes. 

288. Euchlorine destroys vegetable colours ; but it first gives 
the blue a tint of red. 

Phenomenon 289. In almost all cases of vivid combustion, there is a con- 
decompo»i-* densation of the bodies which unite ; but in the decomposition 
Uon * of euchlorine by heat, we have the remarkable phenomenon of 
an explosion, accompanied with heat and light, and an expansion 
of the elements, which are separated from each other. H. 1. 217. 

290. Deutoxide or Per-oxide of Chlorine . — Another com- 
fh iTrfw. ° f pound chlorine and oxygen, containing a larger proportion, 

than euchlorine, of the latter element, has been discovered by 
Sir H. Davy,* and has since been made the subject of a series of 
experiments by Count Stadion of Vienna.t As it exhibits no 
acid properties, it may be called per-oxide of chlorine . 

291. To procure it, 50 or 60 grains of the powdered chlorate 
Method of P ota8 ^> are t0 mixed with a small quantity of concentrated 
obtaining it sulphuric acid. When thoroughly incorporated, a solid mass 

will result, of a bright orange colour. This is to be introduced 
into a very small retort of glass, or a bent tube, which is to be 
exposed to the heat of water gradually warmed, but prevented | 
from attaining the boiling point, by an admixture of spirit of 
wine. The gas may be received over mercury, on which it has 
no action at common temperatures. 

* Phil. Tran*. 1815, Part II. f Thomson's Annals, is. A 
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292. It has a lively yellow colour, much more brilliant than Properties* 
that of euchlorine ; is much more rapidly absorbed by water ; 
aod has a peculiar aromatic smell, not mixed with any smell of 
chlorine. According to Davy, it destroys vegetable blue col- 
oars, without first reddening them ; but Count Stadion asserts, 
that it does not change blue paper. When heated to about the 
temperature of 212° Fahrenheit, or, according to Count Stadion, 
to between 112° and 114°, it explodes with more violence, and 

a greater expansion of volume, than euchlorine, producing much 

light After explosion over mercury, from 2,7 to 2,9 volumes 1 
appear, for every two of gas decomposed; and of these, two, 
are oxygen and the rest chlorine. A little chlorine is absorbed, 
however, by the mercury, and it is reasonable, Sir H. Davy 
thinks, to conclude, that the deep yellow gas is, in reality, 
composed of two in volume of oxygen, and one of chlorine* 
condensed into two volumes.* If this be correct, the gas will Composition, 
consist, by weight, of one atom of chlorine 36, and four atoms] 
of oxygen 32, and its atom will weigh 68. 

293. It is decomposed, at common temperatures, by no com- Decompow4 
bustible body, except phosphorus, which occasions an explosion by pbosph©. 
when introduced into it, and burns, in the liberated gases, with nu ' 
great brilliancy. 

294. Its saturated solution in water, which contains seven Itiso!utbniB 
volumes of gas, is of a deep yellow colour. It does not taste water, 
sour, but extremely astringent and corroding ; and it leaves on 

the tongue a disagreeable and lasting impression. The solution 
may be kept in the dark unchanged, but, when exposed to the 
sun’s rays, it is decomposed, and chlorine and chloric acid are 
obtained. H. 1. 218. 

295. Chloric Acid . — A third compound of chlorine and ox- Chloric acid, 
ygen was pointed out by Mr Chevenix, some time before it was 
obtained in a separate form, as existing in the class of salts 

called hyper-oxymuriates. For the method of exhibiting it in 
a distinct state, we are indebted to Vauquelint and Gay-Lussac.^- 
The following is the process : To a solution of pure chlorate/ 
of barytes, (the mode of preparing which will be hereafter roel b 0 dofob. 
described), add by degrees dilute sulphuric acid, as long as it *■»“*«*•<. 
occasions any precipitation. This separates the barytes, and 
leaves the chloric acid combined with water only. It is im- 
portant to add no more sulphuric acid than is barely sufficient; 
for the slightest excess renders the chloric acid impure. If the 
right quantity has been used, the liquid obtained should remain 
perfectly transparent, when, taking two separate portions of it, 
we add to the one dilute sulphuric acid, and to the other, chlo- 
rate of barytes. If either of these agents occasions a precipitate, 

•The gas called Euchlorine by Sir H. Davy appears to be a mixture of chlorine with this gas, 

•ad aot a definite compound of two volumes of chlorine and one volume of oxygen* Should it 
koverer upon more accurate inquiry prove n definite combination, it might be termed ehUrou* oxidt, ^ 
udthe above compound would then becJUortc omid «. Braude. 

Ana. de Chin. xcv. IQS. \ Ibid. xci. 111. 
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wc mast add it by degrees till the effect ceases. The clear 
/ liquid is then to be decanted by a syphon, and reserved for 

I use. It is a solution of chloric acid in water ; and has the fol- 

| lowing properties : 

296. It is colourless, its taste is acid and astringent; and its 
nits. * me H’ when conoentrated and a little heated, is moderately 

Mpc pungent. It reddens the infusion of litmus. Paper stained 

with litmus, though it does not immediately lose its colour, yet 
is deprived of it in a day or two if left in the liquid ; or more 
rapidly if taken out of the liquid and exposed to the air, in con- 
sequence of the solution becoming more concentrated. It does 
not precipitate either silver, mercury, or lead, from their solu- 
tion in nitric acid. It is volatilized by beat, but not without 
a partial decomposition into chlorine and oxygen. Hence it 
afterwards precipitates the nitrate of silver. 

« 297. Muriatic acid decomposes it, and both acids, if mixed 

»«comjpo«a in just proportion, are changed entirely into chlorine. 

MiA&el uc 298. Chloric acid is decomposed, also, by sulphuretted hy- 
drogen and by sulphurous acid. In the first case, chlorine and 
sulphur are separated, and water is formed. In the second, 
sulphuric acid is formed, and chlorine set at liberty. None of 
the acids, which are saturated with oxygen, have any action on 
chloric acid. 

299. All the metals that are capable of decomposing water, 
decompose also the chloric acid, and afford compounds of chlo- 
jVsjrine with a metallic oxide. 

I 300. According to the experiments of Vauquelin, chloric 
loopontion. ac id j s composed of 

Chlorine . . . . 35 . . . 100 ... 54 

Oxygen . . . . 65 . . . 185 . . . 100 

100 

This determination differs materially from that of Gay-Lus- 
sac, according to whom 32,304 oxygen convert 28,924 chlorine 
into chloric acid, and hence it should be composed of 

Chlorine 47.3 . . . 100 ... 90 

Oxygen . . . • 52.7 . . • 110 • • • 100 


^ 100 . 

\ / The result of Gay-Lussac is by much the more probable of 
the two, and would make the chloric acid consist of 1 atom of 
chlorine 36+5 atoms of oxygen 40=76 ; while Vauquelin’s 
numbers would indicate no less than 8 atoms of oxygen. 
r~ 301. It is proper, however, to add, that the existence of a 
l simple combination of chlorine and oxygen has been denied 
i by Sir H. Davy, who considers the liquid, obtained by Gay* 
f'Lussac, as constituted of two proportions (atoms) of hydrogen, 
one of chlorine, and six of oxygen. To this, the latter has 
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replied, that the hydrogen is not an element of the acid itself, ) 
but of water, with which the acid is united, as is the case with ' 
liquid sulphuric and nitric acids.* H. 1. 220. 

302. Per-chloric or Oxychloric acid . — In obtaining perox- p erchlori . 
ide of chlorine by Sir H. Davy’s or by Count Stadion’s process, « id - 
a peculiar salt is formed, whieh was first noticed by the latter 
philosopher. It is mixed with bisulphate of potash, which 
may be separated by a second crystallization, and the peculiar 
salt then appears in octoedral crystals. It requires 55 times its 
weight of water at 60° for solution, but dissolves freely in boil- 
ing water. In alcohol, it is quite insoluble. When distilled / 
with an equal weight of sulphuric acid, at a temperature of 
280° Fahrenheit it is decomposed : and an acid (of whose prop- 
erties, however, we have not a distinct account) may be distilled 
over. When the salt is distilled alone at 412°, it is converted 
into chloride of potassium (dry muriate of potash) and oxygen 
gas, in the following proportions. One hundred parts by weight 
afford 

Chloride of Potassium . . . 54,08 containing ^ ^ih^rine 1 
Oxygen 45,92 


100 . 

303. Hence it appears, that 25,59 chlorine are united with 
45,92 oxygen, which is nearly in the proportion of 36 chlorine 
to 64 oxygen. Per-chloric acid will therefore consist of one 
atom of chlorine = 36, united with 8 atoms of oxygen = 64; 
and the weight of its atom will be 100. H. 1. 222 A 

304. According to the experiments of Sir H. Davy and Count 
Stadion chlorine combines with no fewer than five proportions 
of oxygen, forming three oxides and two acids. The composi- 
tion of these different compounds, which, with the exception of 
chloric acid, have been analyzed only by Davy and Von Stadion, 
is as follows : 




Atomic weight. 
Oxygen Hydrogen 

1. Protoxide of chlorine 1 

atom + 1 

atom 5,5 44 

2. Tritoxide “ . . I 

+ 3 

7,5 60 

3. Quadroxide “ . . 1 

+ 4 

8,5 68 

4. Chloric acid ... 1 

+ 5 

9,5 76 

5. PercLoric acid ... 1 

+ 7 

11,5 92 


Thomson’s First Principles , Vol. 1, p. 84. 


•See Aml de Chim. et de Phys. Vol. 1.— Quartr. Jour. I. 286. 

fin Mr Braude's tables the weight of the atom of this acid is 92, this is on the supposition that it 
cwtsias but 7 atoms of oxygen = 56 -j- 1 chlorine = 86. 
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Section IV. Of Iodine . 

305. Iodine was discovered accidentally by M. Courtois, a 
Discover/ of manu ^ acturer of saltpetre at Paris, in 1812. Its properties 
iodine. have been fully investigated by Vauquelin. (Jlnnales de 
Chimie. tom . xc.) Gay-Lussac (ib. xc.) and Davy ( Phil . Tram . 
1814.) 

In the process for procuring soda from the ashes of sea weeds, 
M. Courtois found that his metallic vessels were much corroded, 
and in searching for the cause, he made the discovery of 
Iodine. 

Process for iodine is procured by the following process. Lixiviate* 

powdered kelp with cold water. Evaporate the lixivium till a 
pellicle forms, and set aside to crystallize. Evaporate the 
mother liquor to dryness, and pour upon the mass half its weight 
of sulphuric acid. Apply a gentle heat to this mixture in the 
flask a of the . alembic shown in fig. 83, of which the head or 
capital by has a tube issuing from it, and descending into the 
receiver c. Fumes of a violet colour arise and condense in 
the form of opaque crystals, having a metallic lustre, which are 
to be washed out of the head of the alembic with a small quan- 
tity of water, and quickly dried 'upon bibulous paper. 

307. Iodine may likewise be obtained from the “ black ask” 
of the soap-makers, the residuum of the alkaline matter used in 
DrUre*. manufacturing of hard soaps with kelp. Dr Ure has made 

rwcew- many experiments with this substance, from which he obtains 
the Iodine by the following process. 

The liquid is heated to about 230° F. and poured into a large 
! stone ware basin of which it should fill about one half; sul- 
phuric acid, previously diluted with its own bulk of water, is 
added till the liquor is saturated. On cooling the mixture a 
large quantity of saline crystals are found adhering to the sides 
and bottom of the vessel t The cold liquid is filtered through 
a woollen cloth. To every 12 oz .apothecaries* measure 1000 
grains of black oxide of manganese, in powder, are added. 
This mixture is put into a matrass, fig. 84, with a wide neck, 
over which a glass globe is inverted, and heat is applied with a 
charcoal chauffer . % Iodine now sublimes very copiously, and 
is condensed in the upper vessel. As soon as it becomes warm, 
another is to be put in its place ; and thus the two may be ap- 
plied in rotation, as long as the violet vapour rises. By this 
treatment from 80 to 100 grains of iodine may be obtained. 
It is removed from the globes as in the other process. The 
best subliming temperature is 232° F. U. 513. 

* When water is poured upon certain bodies for the purpose of extracting their saline ingredients, 
the proc-as is term d lixivintion , and the solution obtained, a lixivium. 

f These are chiefly sulphate of soda, a little sulphate of potash, and a. few oblong rhomboidal plates 
ef hvdriodate of soda. Sulphur is mixed with these crystals. 

| The less diffusive flame of a 1 imp is apt to crack the bottom of the matrass, particularly if a large 
quantity of materials he employed. To prevent the heat Iron acting on the receiver, a thin disc of 
wood, having a round bole in its centre, is placed over the shoulder of the matrass. 
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308. Iodine is a solid at the ordinary temperature of the Properties, 
atmosphere. It is often in scales resembling those of micaceous 

iroo ore; sometimes in large and brilliant rhomboidal plates ; 
aod occasionally in elongated octoedrons.* Its colour is bluish 
Mack ; its lustre metallic ; it is soft and friable, and a non-con- 
ductor of electricity. It produces a yellow stain upon the 
skin. Its smell resembles that of diluted chlorine. Its taste is 
acrid. Its specific gravity is 4,946. 

Iodine is fusible at 225° F. and, under the ordinary pressure 
of the atmosphere, is volatilized at a temperature somewhere 

near 350°, forming a gas 125 times denser than hydrogen^ 

which last number represents the weight of its atom. Accord- 7 
ing to Gay-Lussac, the specific gravity of its vapour, compar- 
ed with air is 8,678. Hence 100 cubic inches should weigh 
269 grains.t The volatilization of iodine at the heat of boiling 
water, which happens when it is distilled with that fluid, de- i 
pends on its affinity for aqueous vapour. H. 1. 22 3. J 

309. The colour of the vapour of iodine is a beautiful violet, 
and hence its name, (from violaceus.) 

This may be exhibited* by introducing a few scales of iodine e, p- 
into a glass matrass, and heating it over a spirit lamp. 

310. Like chlorine and oxygen, iodine is electro-negative ; 
and therefore attracted by the positive surface of the Voltaic 
pile. It renders vegetable colours yellow*. It is very sparing- 
ly soluble in water, that liquid not holding more than * ls 
weight in solution. The colour of the solution is yellow. It 
is much more soluble in spirit of wine, and in ether. 

311. Iodine combines with oxygen and chlorine, and gives combination, 

rise to acid compounds, which have been called Iodic or with oxygen, 
oxiodic , iodous , and chloriodic acids. — , 

312. Iodic acid , (Davy, Phil. Trans. 1815.) This com- iodi£ acid, 
pound of oxygen and iodine cannot be obtained directly, for Method of 
those bodies exert no mutual action. It is procured by acting procu,1,,is ' 
upon oxide of chlorine by iodine. For this purpose the iodine 

may be introduced into a small flask, and the oxide of chlorine 
disengaged upon it, from a proper mixture of chlorate of potassa 
and sulphuric acid with the precautions above pointed out 
(291), or 100 grains of chlorate of potassa may be introduced 
into a small retort, with 400 grains of liquid muriatic acid of 
the sp. gr. 1,105: annex to the retort a small globular re- 
ceiver, having a bent tube issuing from it, and passing to the 
bottom of a small flask, containing about 50 grains of iodine ; 
carefully apply the heat of a lamp to the retort, by which oxide 
of chlorine will be disengaged, and which will be decomposed 
and absorbed by the iodine. A compound is then formed, 
which consists of chloriodic and oxiodic acids. The former is 


• Dr Wollaston ha* described the form of its crystal io the Annals of Philosophy, V. 237. 
fThe specific grarity of iodine vapour, according to the late experiments of Ur Thomsen, ij 
lAlll, air e= 1. 100 cubic inches weigh 292,6303 grains. Its atomic weight, oxygen=l is 15,5. 

13 
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/ separable by a gentle heat, the latter remains as a white, semi- 
transparent, sour, and inodorous body, very soluble in water. 
Decompose S* 3 - When decomposed by heat in a pneumatic apparatus, 
tion. it is resolved into oxygen gas and pure iodine; and it is there- 
fore termed by Sir H. Davy oxyiodine , and by Gay-Lussac 
acide iodique anhydre .* 


Hyd.=l Oxy.=l 

It consists of 5 atoms of oxygen=40 5 

1 atom of iodine=125 15,5 


Solution of 
iodic acid. 


Properties. 


Produces 

iodates. 


L 

Combines 
with acid*. 


Iodoos aci 


r 


Method of 
procuring 
iodoos acid. 


and the weight of its atom is 165 20,5 T. 

314. Anhydrous iodic acid is very soluble in water, and is 
slightly deliquescent. Its solution, called by Gay-Lussac acide 
iodique, first reddens, and then destroys vegetable blues, and 
reduces other vegetable colours, to a dull yellow. When 
evaporated sufficiently, it becomes a thick pasty substance, and 
at length, by a cautiously regulated heat, yields the anhydrous 
acid unaltered. 

315. When heated in contact with inflammable bodies, or 
with the more combustible metals, detonations are produced. 
It^ solution in w\nter rapidly corrodes all the metals, and even 
acts on gold and platinum, but especially on the first. 

316. When its solution, is poured into solutions of alkalis, or 
alkaline earths, or when made to act on their carbonates, triple 
compounds are formed of oxygen, iodine, and the metallic 
bases, called by Sir H. Davy oxyiodes ; and by Gay-Lussac, per- 
haps more properly, iodates. 

317. Iodic acid enters into combination with all those fluid 
or solid acids, which it does not decompose. All its acid 
combinations redden vegetable blues, dissolve gold and pla- 
tinum ; and when added to alkalis or earths, afford common 
neutral salts, and their respective iodates. H. 1. 225. 

318. lodous acid. M. Sementini of Naples, has lately pub- 
lished an account, of a combination of iodine and oxygen, (See 
Boston Jour, of Philos . ii. 292) containing less of the latter 
than iodic acid. 

319. It is obtained in the following manner equal parts of 
chlorate of potassa and iodine are to be triturated together, in a 
glass or porcelain mortar, until they form a very fine pulveru- 
lent yellow mass, in which the metallic aspect of the iodine has 
entirely disappeared. If there be excess of iodine, the mixture 
will have a lead colour. This mixture is to be put into a re- 
tort, the neck being preserved clean, and a receiver is to be 
attached with a tube passing to the pneumatic trough. Heat is 
then to be applied, and for this purpose a spirit-lamp will be 
found sufficient; at first a few violet vapours rise, but as soon 
as the chlorate begins to lose oxygen dense yellow fumes will 

* The term anhydro u, which will be often wed, is derived from a Greek word signifying ««<*• 
out xoatcr. 
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tppear, which will be condensed in the neck of the retort into 
a jelJow liquid, and run in drops into the receiver ; oxygen gas 
will at the same time come over. When the vapour ceases to . 

rise, the process is finished, and the iodous acid obtained will ( 

have the following properties. 

320. Its colour is yellow; its taste acid and astringent, and 
leaving a burning sensation on the tongue. It is of an oily con- Pr °P trUtt ’ 
sistency, and flows with difficulty. It is heavier than water, 
sinking in it. It has a particular odour, disagreeable, and 
something resembling that of euchlorine. It permanently red- 
dens vegetable blues, but does not destroy them. It is very 
soluble in water and alcohol, producing amber-coloured solu- 
tions. It evaporates slowly, and entirely in the air. At 112° F. 

it volatilizes rapidly, forming the dense vapour before mention- 
ed. It is decomposed by sulphur, disengaging a little heat, and / 
liberating violet vapours. Carbon has no action on it at any 
temperature ; solution of sulphurous acid decomposes it as well 
as iodic acid, precipitating the iodine as a brown powder. It is 
characterized by the manner in which potassium and phosphorus 
act on it; the instant they touch it they inflame ; the potassium 
producing a white flame and dense, vapours, but little or no 
liberation of iodine; and the phosphorus, with a noise as of 
ebullition, violet vapours appearing at the same time. 

Its composition has not been experimentally ascertained. __ j 

321. Iodine and Chlorine . Iodine absorbs less than one 
third its weight of chlorine, and forms a peculiar acid which 

may be called chloriodic acid , and its compounds chloriodales . chloriodic 
This acid is easily obtained by the direct action of chlorine acld * 
upon iodine. They unite and form crystals of a deep orange 
colour, deliquescent, and easily fusible and soluble.* - j 

322. According to Gay-Lussac, indeed, two compounds re- ' 
suit, the one of a fine orange-yellow colour, containing the 
largest proportion of chlorine, the other orange-red. Both are 
solid and crystalline ; deliquiate when exposed to the air ; are 
fusible into an orange liquid ; and give an orange-coloured gas. 

The watery solution takes more ipdine, and acquires a deep 
colour ; but if agitated with chlorine, it is deprived of colour, 
and when poured, in that state, into solution of potash, the 
deflagrating salt is precipitated. From liquid ammonia, the 
colourless liquid precipitates a white detonating compound ; 
but the coloured solution throws down the darker compound, 
which detonates on the slightest touch, and is indeed, identical 
with that procured by the direct action of iodine on ammonia, 

to be hereafter described. 

323. Chloriodic acid (or chlorure of iodine , as it is called Precipitafei 
by Gay-Lussac) precipitates the salts of iron, lead, tin and cop- 

per ; probably in the state of iodates. — , 

324. . Nature of Iodine . Iodine, from all that we yet know Natnn ot 
respecting it, is to be considered as a simple or elementary iodinc - 

* According to Davy, {Phil. Tran*. 1814,) this compound contains 136 iodine, 36 chlorine. 
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body, having a very striking analogy with chlorine, which It 
resembles, lstly, in forming one acid by uniting with hydro- 
gen, and a different acid with oxygen ; 2dly, in its effects on 
vegetable colours ; 9dly, in its affording, with the fixed alkalies, 
salts which nearly approach in characters to chlorates ; and 
4thly, in its electrical habitudes. Its discovery, indeed, lends 
strong support to that theory, which considers chlorine as a 
simple body, and muriatic acid as a compound of chlorine and 
hydrogen. In the property of forming an acid, whether it be 
united with hydrogen, or with oxygen, iodine bears, also, an 
analogy to sulphur ; and it is remarked by Gay-Lussac of the 
combinations of chlorine, iodine, and sulphur, with the ele- 
ments of water, that while the acids, which they respectively 
form with oxygen, have their elements strongly condensed, 
those formed with hydrogen have their elements very feebly 
united. Sulphur has the strongest affinity for oxygen, then 
iodine, and lastly chlorine. But for hydrogen, chlorine has 
a stronger attraction than iodine, and iodine than sulphur; 
whence it appears that the affinity of each of those bodies 
for oxygen is inversely proportionate to its affinity for hydro- 
gen. 

325. The source of iodine in nature has been investigated 
with much ability by M. Gaultier de Claubry.* His first ex- 
periments were directed to the analysis of the several varieties 
of Fucus, the combustion of which furnishes the soda of sea- 
weeds. Before these vegetables are destroyed by combustion, 
he ascertained that iodine exists in them in the state of hydrio- 
date of potash ; and that calcination only destroys the vegeta- 
ble matters, with which it is combined. As the hydriodate of 
potash is a deliquescent salt, it remains in the mother liquor, 
after separating the carbonate of soda, and most of the other 
salts, by crystallization. In the course of these experiments, 
M. de Claubry found that starch is one of the most delicate 
tests of the presence of iodine, and if added to any liquid con- 
taining it, with a few drops of sulphuric acid, iodine is indi- 
cated by a blue colour of greater or less intensity .t In this 
way he detected iodine in the decoction of several varieties of 
Fucus ; but he was unable to discover the slightest trace of it 

* Ann. de Chim. xciii. 75, 118. 

| Notwithstanding the delicacy of the test for the presence of iodine afforded by the me of stareh ( 
its value is considerably diminished by tbe facility with which various substances interfere with its 
action ; and this is especially the case when any of those bodies, which either alone or with water, 
yield hydrogen are present; the iodine becomes bydriodic acid, and the blue colour either disappears, 
or is not formed. Sulphurous acid and sulphuretted hydrogen, substances almost constantly produced 
by the incineration of organised bodies, which contain earthy or alkaline sulphates, are especially 
capable of producing this effect. 

Among the various means of obviating this inconvenience is tbe use of cblorioe. M. Baland has been 
led to apply it in the following manner after mixing tbe liquid containing the iodioe with the 
starch and the stilpboric acid, a small quantity of aqueous solution of chlorine is to be added which 
from its lightness may be made not to mix with the mixture, hot float on tbe surface ; at the place, how- 
ever, where they touch, a blue sone will be developed where the two solutions are in contact but if 
the whole be mixed, it will entirely disappear, if the chlorine be in excess. — Ann. d$ Chim, ixxviii 
179. 
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in aca-water. The Fucus. Saccharinus yielded it most abun- 
dantly ; and in order to obtain it by the cheapest and easiest 
process, he recommends that we should submit this fucus, 
dried and reduced to powder, to distillation with sulphuric 
acid. H. 1. 227. Iodine has also been detected in several 
mineral waters, and in various marine animals and vegetables. 


CHAPTER III. 

Or ELECTRO-POSITIVE SUBSTANCES. 

326. The bodies belonging to this class, when separated from 
their combinations with the substances described in the last 
chapter, by Voltaic electricity, are attracted by the negative 
surface. With very few exceptions, they combine with oxygen, 
chlorine and iodine, and of the compounds formed, one or more 
are acids, hence they may also be termed simple acidijiable 
substances. They are six in number : 

1. Hydrogen. 

2. Nitrogen. 

3. Sulphur. 

4. Phosphorus. 

5. Carbon. 

6. Boron. 


Section I. Hydrogen . 

327. Hydrogen was first duly examined by Mr Cavendish. 

{Phil. Trans . Vol. lvi). The most simple form in which it 
has hitherto been obtained, is in that of a gas, that is, in a state 
of union with caloric, and perhaps with electricity and light. 

From this combination we are not able to separate it, except by 
availing ourselves of the affinity of some other substance, in 
which case the hydrogen separates from the caloric, and forms 
with the body which has been added, a new combination. Of 
its nature we know but little, but as it has not yet been resolved 
into any more simple form, it is still arranged among elemen- 
tary bodies. 

328. To procure hydrogen gas, let sulphuric acid, previous- Mcth ^ 0 r 
ly diluted with five or six times its weight of water, be poured 

on iron filings, or on small iron nails; or (what is still better) °* M 
pour sulphuric acid, diluted with eight parts of water, on zinc, 
granulated by pouring it melted into cold water, and contained 
in a gas bottle, fig. 65, or small retort. An effervescence will 
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ensue, and the escaping gas may be collected in the usual man- 
ner over water. 

329. An ingenious apparatus for obtaining it instantaneously, 
in a laboratory, is described by Gay-Lussac, in the 5th vol. of 
Ann. de Chim. et Phys. p. 300. It consists of a three-necked 
glass bottle, fig. 85, one of whose openings has a stopper, from 
which is suspended a small cylinder of zinc a. To the opposite 
aperture is fixed a bent brass tube furnished with a stop-cock, on 
which may be screwed either a small jet for burning the gas, ora 
tube to conduct it wherever it may be required. The upper vessel 
is of glass, and ground to fit the middle neck, its pipe reaching 
within a small distance of the bottom of the bottle. To use the 
apparatus, the lower vessel is filled with sulphuric acid properly 
diluted, and the zinc cylinder is then introduced, the stopper 
being closed to which it is affixed, and the cover of the upper 
vessel removed. The gas, which is generated, drives the di- 
luted acid into the upper vessel, and the further production of 
it ceases, when the zinc is completely uncovered. We have 
then the bottle filled with gas ; and can at any time expel it by 
opening the cock, and allowing the atmosphere to press on the 
surface of the liquid in the globular vessel. 

330. Hydrogen gas, thus obtained, is not, however, to be 
considered as absolutely pure.* An observation of Mr Cuth- 
bertson long ago rendered it probable, that, when disengaged 
by zinc, it contains a portion of that metal ; and, when gene- 
rated by means of iron, it is apt to contain a little carburetted 
hydrogen. 

331. Hydrogen is an aeriform fluid not absorbable by water. 
It has no taste, a slightly disagreeable smell, and may be respir- 
ed for a short time, though it is instantly fatal to small an- 
imals. 

332. It is the lightest body known, and is therefore conven- 
iently assumed as unity in speaking of the specific gravity of 
gases, as well as in referring to the proportions in which bodies 
combine. 100 cubic inches weigh 2,1180 grains. Its specific 
gravity is 0,0694 when common air is taken as 1,00. If oxy- 
gen is taken as unity, the specific gravity of hydrogen will be 
0,0625, and 0,125 will represent its atomic weight. 

333. The levity of hydrogen may be proved by experiment. 
Let ajar filled with this gas stand, for a few seconds, with its 
open mouth upwards. On letting down a candle, the gas will 
be found to have escaped. 

Place another jar of the gas inverted, or with its mouth down- 
wards. The gas will now be found to remain a short time in 
the jar, being prevented from escaping upwards by the bottom 
and sides of the vessel. 

* fa orderto purify the sine Dr Thomson exposes it to a white heat in a stone ware retort, luted to a 
receiver nearly filled with water. At this temperature, the sine is sublimed and freed from all its 
impurities, except a trace of cadmium too minute to occasion any sensible error. The sine thus 
distilled over is melted to a crucible and poured upon the surface of a clean smooth sandstone, Ufoa 
which it forms a thin sheet which can be easily broken into nail pieces. T. Firtt prin. 1. 52. 
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354. Hydroc^n, in consequence of its extreme lightness, is 
employed for filling air-balloons. 

Fill, with hydrogen gas, a bladder furnished with a stop- 
cock, fig. 71 ; and adapt to this a common tobacco-pipe. Dip 
the bowl of the pipe into a lather of soap, and. turning the cock, 
blow up the lather into bubbles. These bubbles, instead of 
billing to the ground, like those commonly blown by children, 
will rise rapidly into the air. 

The experiment may be varied by filling the bladder with 
a mixture of two parts of hydrogen gas and one of oxygen gas. 
Bubbles, blown with this mixture, take fire on the approach of 
a lighted candle, and detonate with a loud report. It is proper, 
however, not to set them on fire, till they are completely de- 
tached from the bowl of the pipe ; otherwise the contents of 
the bladder will be exploded, with considerable danger to the 
operator. 

335. Hydrogen is inflammable, and when pure burns with a 
lambent blue flame at the surface in contact with the air. 

Fill a small jar with the gas and holding it with the mouth 
downwards, bring the gas into contact with the flame of a candle. 

Fill with this gas a bladder which is furnished with a stop- 
cock, and with a small pipe, of diameter less than that of a com- 
mon tobacco-pipe. Press the air out through the pipe, and on 
presenting a lighted candle, the stream will take fire, and con- 
tinue to burn with a pale and feeble flame. 

Persons, who are provided with the jars represented fig. 69, 
a, may screw to the cock a brass pipe with a small aperture. 
On pressing the jar, filled with hydrogen gas, into the water, 
and opening the cock, the gas will be forced out in a stream, 
which may be set on fire. On this principle are founded the 
artificial fireworks without smell or smoke. They consist of 
pipes, having variously sized apertures, some of which have a 
rotatory motion. H. 1. 233. 

336. It has been found by Prof. Doebereiner, that when a 
stream of hydrogen is directed upon spongy platinum (obtained 
by adding muriate of ammonia to a solution of platinum in nitro- 
muriatic acid) the platinum soon becomes red hot, and the hydro- 
gen is inflamed. This discovery has Jed to various modification^ 
of the inflammable air lamp (329). A very convenient and 
ornamental form of which is represented in fig. 86. It is com- 
posed of two glass vessels fitted to each other by grinding, as in 
the apparatus of Gay-Lussac. The tube a , of the upper vessel 
is encompassed by a cylinder of zinc, which is supported by a 
ring of cork on the lower part of the tube. The platinum 
sponge is contained in a small brass box b , attached to a brass 
wire passing through a collar of leather and which can he placed 
at any distance from the jet, c. When a light is required the 
oock d is turned, and the pressure of the acid liquor in the upper 
vessel expels the hydrogen, as in the apparatus already de- 
scribed. 
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Detonates 337. If mixed with common air, hydrogen burns rapidly 
with air. w |th detonation. 

Into a strong phial, capable of holding about 6 ounces of 
water, introduce one part of hydrogen and three parts of com- 
mon air. On applying a lighted candle or a red hot wire, the 
f mixture will explode. This experiment may be performed by 
means of an apparatus called the inflammable air pistol, fig. 67. 
Iu- fl ^u™L blc / "This instrument consists of a cylinder of brass, about three- 
fourths of an inch diameter, and six inches long, in the form 
of a small cannon or pistol-barrel, properly mounted, and hav- 
ing a wire, a, passing through a tube of ivory, b 9 and not quite 
touching the interior of the cylinder, at the part usually occu- 
pied by the touch-hole ; an electric spark communicated to this 
wire inflames the mixture of hydrogen and atmospheric air in 
its interior. It may be charged by previously filling it with dry 
sand, and emptying it out into a phial of hydrogen, which rises 
into the gun sufficiently mixed with air ; the muzzle may be 
secured by a cork, which is expelled with much violence and a 
loud report, upon the inflammation of the gas. It may be also 
charged, by holding it fora moment over the open jet of the 
instrument, fig. 85, always taking care that there is a due ad- 
mixture of atmospheric ,air, otherwise the electric spark will 
not inflame it. 

Detoo«te» 338# ^ experiment be repeated with oxygen gas, in- 
with oxygen, stead of atmospherical air ; changing the proportions, and mix- 
Fa ing only one part of the oxygen gas with two of hydrogen, the 

* p ’ report will be considerably louder. The bottle should be a 
r very strong one, and should be wrapped round with cloth, to 

prevent an accident. 

The same experiment may be made over water, by means of 
•nd by meant the dectric spark. Procure a strong tube, about three quarters 
of the electric of an inch diameter, and 12 inches long, closed at one end, fig. 
*park. i About a quarter or half an inch from the sealed end, let 

* two small holes be drilled, opposite to each other, and into each 
of these let a brass conductor be cemented, so that the two 
points may be distant from each other, within the tube, about 
one eighth of an inch. An apparatus, serving the same purpose, 
and much more easily constructed, may be formed by hermeti- 
cally sealing a piece of brass wire, or still better, platina wire, 
into the end of a glass tube, fig. 88, c. With this conductor, an 
interrupted circuit may be formed, by introducing into the tube 
a longer wire, one end of which terminates one-tenth of an 
inch from the upper one, while the other extends beyond the 
aperture of the tube. (See fig. 85.) Into this tube, standing 
over water, pass about half a cubic inch of a mixture of hydro- 
gen and oxygen gases ; in the proportion of two measures of 
the former to one of the latter. Hold the tube firmly, and pass 
an electric spark through the mixed gases. For relieving the 
shock, which is sometimes considerable on firing, an ingenious 
contrivance of Sir H. Davy may be employed. ( Philos . Mag * 
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ame, xxxi. 3 The first effect of the combustion is a sudden 
and considerable enlargement of volume, which from some ex- 
periments of Sir H. Davy (on Flame , p. 90) probably amounts to 
15 times the original bulk of the mixture. After this the 
gases if perfectly pure, and in the proper proportion, will be 
found to have disappeared entirely. H. 1. 235. 

339. A current of hydrogen may be inflamed when issuing 
from a small aperture, and if a tube of 18 or 20 inches in length 
fig. 97, be held over the flame, a peculiar musical lone is pro- 
duced. This effect is not peculiar to hydrogen, but is pro- 
duced by a variety of other flames, and is referable to the 
succession of explosions produced by the combustion of the 
gas in the tube. (Faraday, Journal of Science and the Arts, 
Vol. v.) 

340. Hydrogen gas, though inflammable itself, extinguishes 
burning bodies. — Bring an inverted jar, filled with this gas, 
over the flame of a candle ; and suddenly depress the jar, so 
that the lighted wick may be wholly surrounded by the gas. 
The candle will immediately be extinguished. 

341. It is fatal to animals. — This may be shown by con- 
fining, in the gas, a mouse or other small animal. 

342. The tendency which gaseous fluids have to become 
completely mixed under all circumstances, and as it were to 
penetrate each other, is well illustrated where hydrogen is em- 
ployed. Thus, if two small phials, the one containing oxygen 
and the other hydrogen, be connected perpendicularly by a 
long glass tube, of small bore, it will be found, that although 
the hydrogen be uppermost, and much lighter than the oxygen, 
it will, in the course of a few hours, have perfectly mixed with 
the oxygen, and the gases will be found in equal proportions in 
both phials. Mr Dalton has shown that gases, unlike other 
fluids, do not remain upon each other without admixture. — 
Manchester Memoirs, Vol. i. New Series. 

343. The flame of hydrogen is occasionally employed for 
exciting intense heat ; and it has been found when mixed with 
oxygen and burned as the mixture issues from a small jet, to 
excite a temperature nearly equal to that of the arc of flame in 
the Voltaic circuit. A blow pipe upon this construction was 
first made by Professor Hare of Philadelphia ; it consists of a 
cylindrical vessel of tin, fig. 89, a, or what is preferable copper, 
divided in the middle by two partitions, so as to form two dis- 
tinct reservoirs, one for oxygen and the other for hydrogen. 
Into the lower part of each reservoir a tube 5, is inserted some- 
what obliquely, as in the common gasholder. Above the re- 
servoirs is a conical tin funnel c, furnished with a stop-cock and 
connected with a tube which immediately below divides into 
two, one passing to each reservoir. A tube passes out from 
each reservoir, which meet in a. cone d (a section of which 
is represented at e). The gases are thus mingled and are 
then made to issue through a capillary tube drilled through a 
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wire of silver and inserted into the cone.* The lower tubes 
being closed, the apparatus is filled with water, and the gases 
introduced, as in the usual method of filling a gas holder. The 
reservoirs being filled, the lower tubes are closed, and water 
poured into the funnel, on opening the stop-cocks the gases are 
propelled through the jet. When substances are to be exposed 
to file action of this instrument, the stop-cock connected with 
the reservoir of hydrogen should be' first opened and the gas 
may be inflamed ; the other stop-cock is then gradually opened, 
and the oxygen mixing with the hydrogen, an intensely high 
temperature is obtained. 

With this instrument Professors Hare and Silliman have ef- 
fected the fusion of some of the most refractory substances in 
nature. (Amer. Jour . of Science , Vol. II. p. 281, &c.) 

Brooke's 344. The blow pipe invented by Mr Brooke depends for 
Mow pip«. ^ ac tj oa on the elasticity of compressed air, and consists of a 
strong copper box, fig. 90, into which several atmospheres are 
crowded by means of a condensing syringe. Various expedi- 
ents have been adopted to render this a safe substitute for the 
oxyhydrogen blow pipe of Dr Hare. The most effectual of 
which consists in interposing between the flame and the main 
reservoir of gases, a cylinder containing a little water or oil, 
through which, by means of a valve at the bottom, the gases are 
allowed to pass. The safety of the instrument is increased by 
the interposition of a bundle of capillary tubes, between the stop- 

r cock and the orifice of the pipe at which the gases are inflamed. 
^ v 345. In the blow pipe of Mr Gurney the mixed gases arc 
'ru.wf.p*. contained in a silk bag, or bladder, fig. 91, d, which is support- 
ed on a table /, /, /, and the necessary degree of pressure is 
obtained by weights or by the hand upon a moveable press board 
17 ), below. The gases are conveyed to the bag by means of a 
pipe laid into and across the table furnished with a stop-cock 
A, upon which may be screwed the bag#, or a tube connected 
with a gas holder. By this arrangement the apparatus may be 
kept in action for any length of time. Between the reservoir 
d , and the stop-cock A, a valve is placed to prevent the return 
of the gases when pressure is applied at m ; i, t, is a light 
pasteboard or wood cap which in case of an explosion of the 
gazometer is thrown into the air, by the force rupturing the 
strings A , A, A, A, which, from its extent of surface and great 
lightness is arrested by the atmosphere. To the stop-cock c, 
a safety apparatus b , is attached, which is filled with water to 
the height b , and the gases pass from the reservoir d 9 through 
a tube reaching to the bottom of the vessel ; the upper part of 
which is closed by a cork e ; in case of an explosion of the 
small quantity of gas above the surface of the water, the cork 
is thrown up ; additional security is obtained by a small cham- 
ber a, containing layers of wire gauze.t 

* Or the jet may be formed of two concentric cones. 

t For a more particular description of this blow pipe, sec G arney ’a .Lecturer, p. 381. 
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346. Hydrogen and oxygen . — When two volumes of hydro- union with 
gsn gas are mixed with one volume of oxygen gas, and the mix- ® xyg * nfM * 
tore inflamed in a proper apparatus by the electric spark,, the 
gases totally disappear, and the interior of the vessel is covered 
with drops of pure water, equal in weight to that of the^ gases 
consumed. 

847. If pure water be exposed to the action of Voltaic elec- compoeitkm 
tricity, it is resolved into two volumes of hydrogen, disengaged of 
at the negative pole, and one volume of oxygen, disengaged at 
the positive ; so that water is thus proved by synthesis and 
analysis, to consist of two volumes of hydrogen combined with 
one volume of oxygen. 

348. In determining the proportion of the elements of water, 
every thing will depend on the precision with which the spe- 
cific gravities of oxygen and hydrogen gases are ascertained. 
According to the results of Dr Thomson, oxygen gas is pre- 
cisely 16 times heavier than hydrogen gas, and according to . 
Berzelius and Dulong a little more than 16 times ; but if we 
take 16 to 1 as the nearest approximation, it will follow, since 
water consists of two volumes of hydrogen and one of oxygen, 
that eight parts by weight of oxygen and one of hydrogen con- 
stitute water ; or according to the last mentioned chemists it 
consists of 


Oxygen 88,9 

Hydrogen 11,1 


100. H. 1. 249. 

And if water be constituted of one atom of oxygen united with 
one atom of hydrogen, if we represent the weight of the latter 
by 1, that of the atom of oxygen will be 8, and 1 + 8 = 9 is 
the representative number for water. Or thus 


Hydrogen. 

' 

Oxygen. 

Water 


9 

' 




If we assume the weight of oxygen as 1, hydrogen will be 
0,125, and the representative number of watpr 1,125. If we 
conceive that water is composed of two atoms of hydrogen and 
one of oxygen, we must double the number for oxygen, in 
which case we should have 17 for the representative number 
for water. 

But it admits of being proved to be consistent with mechan- 
ical principles that the most energetic combination of any two 
elements is that in which they are united particle to particle. 
Until therefore the contrary can be established, we may assume, 
with Mr Dalton, that water is a binary compound of 1 atom of 
oxygen, and 1 atom of hydrogen. H. 1 . 249. 


V 


Digitized by LjOOQle 


108 


WATER. 


Exp, 


> 

i 

Boros with 
oxygen g*» 
nod forms 

water. 


I 

The mixture 
explodes. 

Exp. 


\ 

Exp. 


Water a 
compound of 
the bases of 
the gases. 


Aoalysis of 
water by iron. 


349. The experiments illustrating the composition of water 
may be divided into synthetic and analytic. Among these the 
following may be selected. 

Burn a current of hydrogen under the funnel a , fig. 92 ; by 
uniting with the oxygen of the atmosphere it will produce aque- 
ous vapour, which passing ioto the glass cylinder b 9 will con- 
dense in drops. 

Fig. 93, represents an apparatus for showing the production 
of water by burning a current of hydrogen in an atmosphere 
of oxygen, a is a glass cylinder, which after having been ex- 
hausted upon an air-pump, is filled with pure oxygen, b is a 
receiver of hydrogen immersed in the vessel of water c, by 
which the gas is compressed, so as to be urged through the ca- 
pillary opening f 9 when the stop-cocks d d are open, e is a 
platinum wire by which the gas may be inflamed by an electric 
spark. It burns with the production of intense heat, and water 
is soon collected in drops upon the interior of the cylinder. 

If two measures of pure hydrogen be mixed with one of 
pure oxygen, and detonated in the graduated glass tube a 9 fig. 89 , 
standing over water, by an electric spark passed through the 
platinum wires b b 9 the gases will entirely disappear. If there 
be any excess of either of the gases, the portion in excess will 
remain unconsumed. 

The same experiment may be thus varied, fig. 94, is a 
very strong glass vessel, capable of holding about half a pint 
and furnished (besides the proper contrivance at top for taking 
the electric spark in it) with a brass cap and cock, by means of 
which it can be screwed to the transfer plate of an air-pump. 
When exhausted, it may be filled with a mixture of oxygen and 
hydrogen gases, in the proportion of one measure of the former 
to two of the latter, and an electric spark may be passed through 
the mixture. After the explosion, when time has been given 
to the vessel to cool, a sensible quantity of moisture will have 
condensed on the inner surface of the vessel, and by repeating 
the operation frequently, a sufficient quantity of fluid may be 
collected to show that water is the only product. 

350. The water produced in this mode, is not, however, to be 
considered as a compound of the two gases, but only of their bases, 
for the light and caloric, which constituted the gases, escape, in 
considerable part during the combustion. Every gas, it must 
be remembered, has at least two ingredients 5 the one, gravitat- 
ing matter, which, if separated, would probably exist in a solid 
or liquid form ; the other, an extremely subtile fluid, termed 
caloric and perhaps electricity and light. The compound, 
water, is therefore said to be composed of hydrogen and 
oxygen, the bases of the gases, and not of hydrogen and oxy- 
gen gases. 

351. Water may be decomposed or resolved into its elements 
by a variety of processes, the most important of which are the 
following : 
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Fig. 95, a , is a glass retort, into which is introduced a given 
weight of water ; b A, a small furnace through which passes the 
earthen, or iron, tube c c, which terminates in the spiral pewter 
wire, tube d d, immersed in water. A given weight of pure iron 
eoiled up, is introduced into the tube c, and the whole made 
red hot ; the water in a is then made to boil, and the vapour, 
on coming into contact with the red hot iron, is in part dccom- 
i posed; the oxygen is retained by the iron, and the hydrogen 
escaping through the tube f f may be collected as usual. Any 
decomposed portion of water is condensed in the worm-pipe d 9 
and drops into the vessel e. After this experiment the iron 
will be found to have increased in weight ; and if attention be 
paid to the quantity of water which has collected in e, and to 
the weight of the hydrogen gas evolved, it will be found that - 
the weight gained by the iron, added to that of the hydrogen, 
will be equal to the weight of the water which has disappeared. 

Lavoisier concluded, from an experiment thus conducted, that 
water consisted of 85 per cent . by weight of oxygen, and 15 
by weight of hydrogen ; that is, that for every 15 grains of hy- 
drogen evolved, 85 grains of oxygen were condensed by the iron. 

352. The processes, by which the elementary parts of water 
are separated from each other, and are both obtained in an aeri- 
form state, as a mixture of hydrogen and oxygen gases, are 
dependent on the agency of electricity. 

The first of these experiments requires for its performance Styf 1 * ctrl ’ . 
the aid of a powerful electrical machine. This fact was the 
discovery of a society of Dutch chemists ; and the principal 
circumstance, in the experiment, is the transmission of electri- 
cal shocks through a confined portion of water. The apparatus 1 
employed, in this experiment of Messrs. Dieman and Vsn 
Troostwyk, is a glass tube, about one-8th of an inch diameter, 
and 12 inches long, one of the ends of which is sealed hermet- 
ically, a gold wire being inserted at this end, and projecting 
about an inch and a half within the tube. About the distance of 
five-8ths of an inch from the extremity of this, another wire is 
to be fixed, which may extend to the open end of the tube. 

The tube is next to be filled with distilled water, and to be 
placed inverted in a vessel of the same. When thus disposed, 
electrical shocks are to be passed between the two ends of the 
wire, through the water ; and, if these shocks be sufficiently 
strong, bubbles of air will be formed at each explosion, and 
will ascend till the upper part of the wire is uncovered by the 
water. As soon as this is effected, the next shock that is passed 
will set fire to the mixed gases, and the water will rise again 
in the tube, a very small quantity of gas remaining. Now, as 
hydrogen and oxygen gases, in a state of admixture, are the 
only ones that are capable of being inflamed by the electric 
shock, and as there is nothing in the tube^ beside water, that 
can afford them in this experiment, we may safely infer, that 
the evolved hydrogen and oxygen gases arise from decomposed 
water. 
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353. The' decomposition of water by galvanic electricity is a 
process singularly adapted to demonstrate the fact in a simple 
and elegant manner, since it exhibits both the oxygen and hy- 
drogen in the gaseous form. Fig. 96, represents a section of 
an apparatus for this purpose. It is a glass vessel containing 
water, having two wires of platinum, a a, passing through its 
bottom : over these are inverted the tubes b 5, also filled with 
water. The wires are rendered positive and negative by con- 
nexion with a moderately powerful Voltaic apparatus. Oxy- 
gen is evolved at the positive wire, and hydrogen at the negative 
wire, which gases rise into the tubes, and it is seen that one 
volume of oxygen, o, and two volumes of hydrogen, h , are the 
constant results. If these gases be mixed and detonated, pure 
water is again formed. 

354. Another mode of effecting the decomposition of water 
yet remains to be mentioned, in which, not the hydrogen, but 
the oxygen is obtained in a gaseous state. This is by the ac- 
tion of living vegetables, either entire, or by means of their 
leaves only. Fill a clear glass globe with water, and put into 
it a number of green leaves, from almost any tree or plant. A 
sprig or two of mint will answer the purpose perfectly well. 
Invert the glass, or place it, with its mouth downwards, in a 
vessel of water. Expose the whole apparatus to the direct 
light of the sun, which will then fall on the leaves surrounded 
by water. Bubbles of air will soon begin to form on the leaves, 
and will increase in size, till at last they rise to the top of the 
vessel. This process may be carried on as long as the vegetable 
continues healthy ; and the gas, when examined, will prove to 
be oxygen gas, nearly pure. In this experiment, the hydrogen 
combines with the plant, to the nourishment and support of 
which it contributes, while the oxygen is set at liberty. H. 
1.251. 


355. Water, in its ordinary state, such as spring and river 
water, is always so far contaminated with foreign substances as 
to be unfit for many chemical purposes, and frequently, as will 
be more fully shown hereafter, even for domestic use. Rain- 
water is much more pure, but it always cpntains a portion of 
carbonic acid and of the elements of atmospheric air, besides ap- 
preciable traces of vegetable or animal matter ; to the latter it 
mOSSS* owes it® property of becoming putrid when kept. The distinc- 
00,1 * tion of water into hard and soft has reference to its less or 

greater purity. The impurities of water are separated by dis- 
tillation, which process is usually conducted upon the large 
scale in a copper boiler, fig. 97, placed either in a portable fur- 
nace, or set in brickwork, according to its dimensions, to which 
is annexed a head, 5, of the same material, or of pewter, con- 
nected with a spiral tube or worm, which is immersed in the 
worm-tub, or refrigerator d> its lower end passing out. The wa- 
ter in the worm-tub must always be retained of a low temper- 
ature to effect the condensation of the vapour in the spiral tube. 
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555. Distilled water , as commonly prepared, always affords 

minute traces of foreign matter, especially when subjected to 

Foltaic decomposition, and can only be considered as perfectly 
pore when re-distilled at a low temperature in silver vessels. 

357. Pure water is transparent, and without either colour, Properties, 
taste or smell. In consequence of the facility of obtaining it 

pure, it is assumed as a standard to which the relative weight 
of all other bodies may be compared, its specific gravity being 
called = 1,000, and hence the importance of estimating its sunward of 
weight with precision. At the temperature of 40° it is at its 
maximum of density, and at that temperature an English cubic f . * * 
foot weighs 437102,4946 grains, (Thomson’s System , Vol. ii. I 
p. 18.) or 999,0914161 ounces avoirdupois, and the cubic inch 1 
252,953 grains. 

358. At the temperature of 32° water congeals into ice, Ice> 
which, if slowly formed, produces needles crossing each other 

at angles of 60° and 120°. The specific gravity of ice is 0,94. 

Exposed to the air, ice loses considerably in weight by evapo- 
ration. 

359. If water be exposed to heat in open vessels it boils, or 
is converted into steam, at 212°, the barometer being at 30 
inches ; but the boiling point of water varies considerably with 
the pressure (137.) The specific gravity of air being considered 
as=l ; that of steam is 0,625. At mean pressure, and at the 
temperature of 212°, the bulk of steam is 1700 times greater Boiiinf point, 
than that of water. 

360. .Water is susceptible of compression, as was originally 
shown by Canton, and more lately by Mr Perkins, who has 
estimated, in an ingenious series of experiments, the rate of its 
compression. (Phil. Trans. 1820.) If submitted to very sud- 
den compression, water becomes luminous, as has been shown 
by M. Desaignes. — Thenard, Traiti de Chimie , i. 432. 

361. Water enters into combination with a variety of sub- 
stances, and is retained with various degrees of force : where 
it contributes to the regular form and transparency of crystal- 
lized bodies, it is termed water of crystallization (17). In 
other cases the compounds which water forms with substances 

are called hydrates , as with many of the metallic oxides ; in Hydmei. 
both cases it may be considered as one of the constituents of 
the bodies, for it exists in them in a definite proportion. 

362. Water, which has been exposed to the atmosphere, w.t-reoo- 
always contains a portion of air, as may be proved by boiling ,ain ‘ 8ir ’ 
it, or by exposing it under the exhausted receiver of the air- 

pump. To separate the air, the water must be boiled for about 
two hours. It absorbs oxygen gas in preference to atmospheric 
air or nitrogen, and when the air is expelled by boiling, the last 
portions contain more oxygen than those first given off. — H um- 
boldt and Gat-Lussac, Journal de Physique , 1805. 

363. M. Thenard has shown that water may be united to a 
considerable excess of oxygen by means of peroxide of barium. 


Digitized by LjOOQle 


112 


HTDHOGEN. 


X 


tlOO 4 

Wl- 


unite, to u> ( Quarterly Journal , Vol. viii. p. 114.) The specific gravity 
exc«.ofoij- 0 j. oxygenate water is about 1,45. It acts as a caustic upon 
the skin ; detonates violently when dropped upon dry oxide 
of silver, or upon most of the metals finely divided. This sin- 
gular compound may be termed peroxide of hydrogen: its 
properties, and the process for obtaining it, which is complex 
and circuitous, have been fully detailed by its discoverer, and 
will be adverted to under the article Peroxide of Barium. 

364. Every gas is absorbed by water, which has been de- 
of prived of all or the greatest part of its air by long boiling. The 

• quantity, however, which water is capable of absorbing, varies 
considerably with respect to the different gases. Those gases, 
of which only a small proportion is absorbed, require violent 
and long continued agitation in contact with water. H. 1. 253. 
In the common process of manufacturing soda water a large 
quantity of carbonic acid gas is absorbed by the water, and an 
additional portion is mechanically united with it by powerful 
compression. 

For the quantity of different gases which water is capable of 
absorbing, see Tables. 

3 65. As hydrogen is the lightest known substance, it is as- 
sumed, as already remarked (70), by many chemists as unity, in 
reference to the representative numbers of other bodies. The 
principle of numeric representation, or of equivalent or propor- 
tional numbers, has been adverted to (69) and the following 
will be the representative numbers of some of the bodies de- 
scribed in the foregoing sections, the number for oxygen being 
deduced from the composition of water (348), and of chlorine 
and iodine from the muriatic and hydriodic acids. 


Hydiofeal 
unned u 

usity.j 
\ 


\ 


Undecompounded 


Proportional 

Substances. 


numbers. 

Hydrogen .... 



Oxygen 



f'hlnrine . t . . . 


36 

Iodine .••••• 

...*••• 



Compounds. 

Component 

Parts. 



Representors 

dumber. 

Water . . . . 

( 1 proportional of hydrogen 
$ 1 ditto # oxygen 


1 

8 

\ 9 - 

Peroxide of 
chlorine 

i 4 proportionals of oxygen 
( I ditto chlorine 

= 

32 

36 

| 68. 

Chloric acid 

< 5 proportionals of oxygen 

1 1 ditto chlorine 

= 

40 ; 
36 | 

j in. 

Perchloric 

acid 

< 8 proportionals of oxygen 

1 1 ditto chlorine 

— - 

64 

36 

| 100. 

Oxiodic acid 

( 5 proportionals of oxygen 
( 1 ditto iodine 

= 

40 

125 

| 165. 

Chloriodic < 

ac • . • . < 

C 1 proportional of chlorine 

C I ditto iodine 



36 

125 

£ 161. 
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866 . Hydrogen and Chlorine . — When equal volumes of Muriatic *cui 
these gases are mixed and exposed to light, they combine and **** 
produce a sour compound commonly called muriatic acid gas ; 
or in conformity to more modern nomenclature hydrochloric 
add gas. 

367. Chlorine and hydrogen gases act with considerable en- 
ergjr upon each other, and with different phenomena according- 
ly as the experiment is conducted. 

If a phial be entirely filled with a mixture of hydrogen and E,p * 
chlorine gases in equal proportions, and a well ground stopper 
be introduced*, no action takes place, provided light be carefully Hydro*™, 
and completely excluded, even by standing some time; but on 
applying a lighted paper, the gases immediately explode. H. 

1. 264. 

Into a small but strong vessel, guarded from the light, intro- Exp. 
dace equal volumes of the two gases, and inflame the mixture 
by the electric spark, no change of volume ensues, and muri- 
atic gas results. The apparatus shown at fig. 94, may be used 
for this purpose. The vessel should be previously exhausted 
by the air pump, and if after the detonation the stop-cocks be 
opened under mercury, none of that fluid will enter, proving 
that the volume of the gas has not been diminished ; but if it be 
removed to a vessel of water, and left there for a few minutes, 
the water will be found to have ascended and entirely filled the 
vessel. Hence a gas must have been generated by the combus- 
tion, which, though not absorbable by mercury, is condensable 
by water. 

368. If a phial containing the mixed gases be exposed to the Ex ?. 
sun’s rays a detonation will ensue which will probably drive out Effcct ef 
the stopper. But if this should not happen the stopper may u « ht * 

be removed under water, which will ascend and completely fill 
the phial as in the former experiment. 

The agency of light may be beautifully shewn by filling a Kxp . 
tube about half an incli diameter, and 12 inches long, with the 
mixed gases, and alternately shading it with an opake cover, 
and exposing it to the sun’s rays. The moment the tube is 
exposed even to the diffused light of day, a cloudiness will 
appear within it, and the water will ascend more or less rapidly 
according to the intensity of the light. The effect even of a 
passing cloud is distinctly seen in retarding the rapidity of the 
combination, which is very striking in the full solar light. 

369. It had been supposed that the direct beams of the sun 
were necessary to explode a mixturasof chlorine and hydrogen 
gases; but Professor Silliman has related the accidental explosion 
of a mixture of the gases, in the quantity that filled a Florence 
oil flask, not only when no direct solar light fell upon it, but 
when the diffuse light of day was rendered more feeble than 
common by a thick snow-storm. (See Amer. Jour . of Science , 

HI. 342.) This fact furnishes a caution against mixing the two 
gases in considerable quantities. H. 1. 266. 

15 
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Effect of Voi- 370. The intense light issuing from charcoal points connected 

uuc lectno- w ; t j 1 a powerful galvanic battery has been found by Mr Brande, 
as effectual as solar light in acting on hydrogen and chlorine 
gases; showing a curious analogy between electric and solar 
light; for ordinary artificial light does not accelerate the combi- 
nation. Brande, Phil. Trans. 1820 . 

Proeeas for 371. To obtain muriatic acid gas in sufficient quantity for the 
obtaining, exhibition of its properties, the direct combination of chlorine 
and hydrogen gases is not an eligible process. It may be pro- 
cured much more conveniently in the following manner. 

Let the tubulated gas bottle, fig. 98, a, be about one fourth, 
or one third, filled with well dried chloride of sodium, (common 
salt) in lumps, not in powder. To this adapt the acid holder, 
by filled with concentrated sulphuric acid ; and let the aperture 
of the bent pipe c , terminate under ajar filled with, and inverted 
in, quicksilver. Open the communication between the acid and 
the salt, by turning the cock, d ; and immediately on the con- 
tact of these two bodies, an immense quantity of muriatic acid 
gas, will be disengaged. A common or tubulated gas bottle, 
or tubulated retort will answer sufficiently well for procuring 
the gas. The first portions, that come over, may be allowed to 
' escape under a chimney ; because they are contaminated by 
the admixture of common air present in the bottle. The sub- 
sequent portions may be preserved for use. This gas was first 
. obtained pure by Dr Priestley, but its composition was discov- 
ered by Scheele, and has since been most ably investigated by 
Sir H. Davy. H. 268. 

Properties. 372. Muriatic acid gas has a very pungent smell ; and is suffi- 
ciently caustic to blister the skin, when applied to it for some 
time. 

Exp. 373. When brought into contact with common air, it occasions 

a white cloud. This is owing to its union with the aqueous 
vapour, which is always present in the atmosphere. 

Exp. 374. It extinguishes a lighted candle. Before the flame goes 

out, the upper part of it assumes a greenish hue, the cause of 
which has not yet been explained. A white vapour also sur- 
rounds the extinguished wick, owing to the combination of wa- 
ter, produced by the combustion of the candle, with the muriatic 
acid gas. 

375. It is heavier than common air. Its specific gravity, 
air = 1 is 1,28472 and 100 cubic inches weigh 39.1839. Its spe- 
cific gravity, oxygen = 1, is 1,15625, T ; compared with hy- 
drogen it is = 18,5. 

. 376. Muriatic acid may be decomposed by the action of sev- 

ym ‘ eral of the metals. Potassium, for instance, absorbs the chlo- 
rine and the hydrogen is evolved ; muriatic acid gas thus affords 
half its volume of hydrogen. As the specific gravity of hydro- 
gen to chlorine is as 1 to 36.0. muriatic acid will consist of 1 
hydrogen + 36,0 chlorine and its representative number will be 
3 1 , 0 , 
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When oxygen is taken as the unit the atomic weight of mu- 
riatic acid is 4,625. 

377. The muriatic acid, in its purest form, exists in the state 
of a gas, which is permanent over mercury only. For exhibit- 
ing its properties, therefore, a mercurial apparatus is absolutely 
necessary. 

378. Muriatic acid gas is greedily absorbed by water, which 

at 40° F. Sir H. Davy found to take up about 480 times its bulk, 
forming a solution of specific gravity 1,2109. ( Elements , p. 

252.) 

Fill a narrow jar, or tube closed at one end, with muriatic E *p- 
acid gas, over mercury, and through the latter pass up a few 
drops of water, the gas will be rapidly absorbed, and the mer- 
cury will rise into the vessel. 

Into a similar vessel filled with the gas introduce a piece of 
ice; it will be liquefied, almost as rapidly as if touched with a 
red hot iron, and the gas will be absorbed. 

379. It is in this state of watery combination that muriatic 
acid is kept for chemical purposes, and all the processes for pre- 
paring the liquid acid have for their object the disengagement 
of muriatic acid gas, and its absorption by water. 

380. For saturating water with this gas we commonly employ Liquid mwi*. 
Woulfe’s apparatus. The retort being furnished with the bent 

tube, a, fig. 23, and placed in a sand bath. The junctures should 
be carefully luted, and the acid should be added to the salt in 
the retort at intervals. The water employed may amount to 
half the weight of the salt, and may be equally distributed be- 
tween the bottles. These it is better to surround with cold 
water, or, still preferably, with ice or snow ; because the con- 
densation of the gas evolves considerable heat, which prevents 
the water from attaining its full impregnation. When the 
whole of the sulphuric acid has been added, and the gas no 
looger issues, let a fire be lighted in the furnace, beneath the 
sand bath, removing the bent tube a, and substituting a well 
ground glass stopper. This will renew the production of gas ; 
and the temperature must be preserved, as long as gas con- 
tinues to be evolved. At this period it is necessary to keepNI 
the luting which connects the retort and receiver, perfectly 
cool.* Towards the close of the process, a dark-coloured liquid 
is condensed in the first receiver, consisting of a mixture of sul- 
phuric and muriatic acids. When nothing more comes over, 
the operation may be suspended, and the liquid in the two re- 

* Tke day and wmd lute u ike b«*t for thi« juncture. /* 
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ceivers must be preserved in bottles with ground stoppers. It 
consists of liquid muriatic, or hydrochloric acid. H. 269. 

381 . It was usual, says Sir H. Davy, to explain the phenomena 
which are observed in these processes, by saving that the sul- 
phuric acid by its superior affinity, aided by heat, expelled the 
muriatic acid gas from the salt and united with its soda. But 
as neither muriatic acid nor soda exists in common salt (it being 
a compound of chlorine and sodium) we must modify the ex- 
planation. The water of the sulphuric acid is conceived to be 
first decomposed, its oxygen unites to. the sodium to form soda 
which is seized on by the sulphuric acid, while the chlorine 
combines with the hydrogen of the water, and exhales in the 
form of muriatic acid gas. 

382. When muriatic acid is thus dissolved in water, it forms 
the liquid muriatic acid , or spirit of salt. When pure it is per- 
fectly colourless, but it generally has a yellow hue arising from 
accidental impurities. Its yellow colour is sometimes owing 
to muriate of iron : it is instantly destroyed by a few drops 
of muriate of tin, but this, instead of diminishing, obviously in- 
creases the impurity of the acid. When prepared by Woulfe , s 
apparatus, the product in the second bottle is always perfectly 
pure. It sometimes contains sulphuric acid, which may be 
discovered by muriate of baryta occasioning a white precipitate, 
the acid may be purified by redistillation from a fresh portion 
of common salt. 

383. The specific gravity of the acid of commerce is generally 
about 1,156 ; but when obtained by means of Woulfe’s appa- 
ratus. and especially when the bottles are surrounded by ice or 
snow, it approaches 1,500.* 

384. Liquid muriatic acid emits white suffocating fumes, con- 
sisting of muriatic acid gas, which become visible by contact 
with the moisture of the air (373). When heated in a retort, 
the gas is disengaged, and may be collected over mercury. It 
is not decomposed by the contact of charcoal, or other combusti- 
ble bodies. When diluted with water, an elevation of tempera- 
ture is produced, less remarkable, however, than that occasioned 
by diluting sulphuric acid (42) ; and when the mixture has cool- 
ed to its former temperature, a diminution of volume is found 
to have ensued. 

385. Muriatic acid combines readily with alkalies, and with 
most of the earths, both in their pure and carbonated state. 
It is specifically heavier than water. H. 1. 272. 

386. When liquid muriatic acid is brought into contact with 
any substance containing oxygen in a state of loose combina- 
tion, the hydrogen of the acid unites with the oxygen, and 
forms water, while the chlorine is liberated in a gaseous state. 
It is in this way that chlorine is procured for the purposes pf 
chemistry and the arts ; but instead of liquid muriatic acid it 

• For the correepondeoce between its specific gravity sad the quantity of real add which it wi* 
Ida*, mo TabU». 
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is usual to substitute materials capable of furnishing the acid 
ps as already described. 

3S7. Concerning the nature of chlorine and muriatic acid y 
the opinions of chemists have undergone frequent changes. By 
Scheele, the discoverer of chlorine, muriatic acid was conceived 
to be compounded of a certain base and an imaginary principle 
called phlogiston , of which it could be deprived by the action 
of certain bodies. But as it was afterwards found that all 
bodies which are capable of producing this change in muriatic 
acid contain oxygen, and that their proportion of oxygen is 
diminished by the process, it was concluded that what takes 
place in the action of metallic oxides on muriatic acid is simply 
the transfer of oxygen from the oxide to the acid, and the gas 
which resulted was then called oxymuriatic , or oxygenated 
muriatic acid . This view of the subject was modified in con- 
sequence of the experiments of Sir H. Davy, and he was led 
to consider the muriatic acid as a compound of a certain basis 
with water, and the oxymuriatic as a compound of the same 
basis with oxygen. It was found, for example, that when a 
metallic oxide was heated in muriatic acid gas, oxymuriatic acid 
was obtained, and w f ator appeared in a separate state. It was 
therefore evident that the acid gas must either have contained 
water ready formed ; or the elements of water ; or hydrogen 
capable of forming water with the oxygen of the oxide. 

388. Subsequent experiments led to a different theory, and 
oxymuriatic acid is now considered by Sir H. Davy, as a simple 
or undecompounded substance, and muriatfc acid as a compound 
of that simple substance with hydrogen. Thus, according to 
this view, to convert muriatic acid into chlorine we have only to 
abstract the hydrogen of the acid ; and to convert chlorine into 
muriatic acid, we have only to supply it with hydrogen (366). 

389. The oxymuriatic acid or chlorine (as it is now called) is 
supposed to unite at once with the metals, without requiring, 
like the sulphuric, nitric and other acids, that the metals should 
first be in the state of oxides.* H. 1. 275. 

390. Hydrogen and Iodine exert a slow action under ordi- 
nary circumstances ; but when iodine is presented to nascent 
hydrogen, they readily unite, and produce a gaseous acid, the 
hydriodic acid . It is prepared by the action of moist iodine 
upon phosphorus, and must be received over mercury ; which, 
however, soon acts upon and decomposes it, so that it should 
be transferred as speedily as possible into an exhausted vessel. 

391. In procuring it, it is convenient to use.a small retort or 
bent tube, into the bulb of w hich is introduced the iodine, and a 
small stick of phosphorus placed in the neck above it, which 
can be shaken down upon the iodine when the beak of the tube 

* For i foil account of the opinion* which hare been maintained in regard to this subject, the 
reader is referred to the controversy between Drs M array and J. Dary, in the 34th vol. of Nicholson's 
Jour. ; to Sir H. Davy's paper in the Phil. Trans, for 1818, p. 169; to the 8th vol. of Trans, of the 
Jloya] Soc. Edinr. ; the Annals of Philosophy, xii. 379 and xtii. 96, 386; and to a paper by Mr R. Phil- 
lips in tbe new *eri«s of that work, Vol. i. p. 37, on the action of chlorides on water. 
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HYDHIODIC ACID. 


or retort is placed under the inverted jar ; a quantity of the gas 
is instantly and violently generated, and a further portion is 
obtained on applying the flame of a spirit lamp. 

The gas may also be received into a vessel of common air, 
which it expels by its superior gravity. 

Properties. 392. Hydriodic acid is colourless, very sour, and smells like 
muriatic acid* ' Its specific gravity was found by calculation 
to be 4,428 ; compared with hydrogen its specific gravity is 
62,5 to l ; 100 cubic inches weighing 133,6 grs. H. 1. 278. 

Dr Thomson makes the specific gravity 4,34027 air = 1, and 
the weight of 100 cubic inches 132,3785. 

393. Hydriodic acid gas is rapidly absorbed by water, the solu- 
tion is fuming and has the density of 1,7. The solution exposed 
to a temperature below 260° becomes concentrated by loss of 
water ; at about 260° it boils, and may be distilled. It becomes 
dark coloured when kept, in consequence of a partial decom- 
position, and it readily dissolves iodine, becoming of a deep 
brown colour. 

Powbest 394. The liquid hydriodic acid is best prepared by passing 

pi spared. sulphuretted hydrogen through a mixture of iodine and water ; 

the hydrogen unites with the iodine, and the sulphur is precip- 
itated, and on heating and filtering the liquor, a pure solution 
of hydriodic acid is obtained, which may be concentrated by 
evaporation. Till it attains the temperature of 257° water only 
distils ; above this point, the acid itself is volatilized and re- 
mains stationary at 262^°, its density being then 1,7. With 
solutions of lead it gives a fine orange precipitate, with solution 
of peroxide of mercury, a red one ; and with silver, a white pre- 
cipitate insoluble in ammonia. 

395. It is decomposed by Voltaic electricity, iodine appear- 
ing at the positive, and hydrogen at the negative pole. 

396. It is decomposed by those oxides which hold their 
oxygen loosely, and combines with the rest, forming neutral 
gaits called hydriodates. H. 1. 279. 

eompotiton. 397. That Hydriodic acid gas consists of equal volumes of 
hydrogen and vapour of iodine is shown by the actioh of mer- 
cury, which by absorbing the iodine, evolves half a volume of 
hydrogen from one of the gas. 

It is instantly decomposed by chlorine, which produces mu- 
riatic acid and the blue vapour of iodine is rendered evident. 
These gases often take fire on mixture. 

, 398. It is composed by weight, according to Gay-Lussac, of 

100 iodine and 4),S49 hydrogen ; but correcting the specific 
gravity of hydrogen gas to 0,0694 its true composition will be, 


by weight 

Hydrogen 1 

Iodine 125 


Weight of its atom . . . 126. H. 

Oxygen being = 1 the atomic weight would be 15,625. T. 

% 


Digitized by LjOOQle 


NITBCGEN. 


119 


Section II. Nitrogen . 

399. This was first recognised as a distinct aeriform fluid by 

Dr Rutherford, in 1772. (Thesis. DeAere Mcphitico.) It may Howobui« 
be obtained by heating phosphorus in a confined portion of dry 
atmospheric air, which consists of nitrogen and oxygen ; the 
phosphorus absorbs the latter, anti the former gas remains. Af- 
ter repeated washing it may be considered as pure. 

400. It may also be obtained by inverting ajar full of common 
air over a mixture of equal weights of iron filings and sulphur 
made into a paste with water. But this process requires much 
time. 

A quicker process, for procuring nitrogen gas, consists in 
filling a bottle, about one 4th, with the solution of nitrous gas ce«.M. pr# 
in liquid sulphate of iron, or with liquid sulphuret of lime, and 
agitating it with the air, which fills the rest of the bottle. Dur- 
ing the agitation, the thumb must be firmly placed over the 
mouth of the bottle ; and, when removed, the mouth of the 
bottle must be immersed in a cup full of the same solution, • 

which will supply the place of the absorbed air. The agita- 
tioQ, and admission of fluid must be renewed, alternately, as 
long as any absorption takes place. 

Nitrogen may be procured from the lean part of flesh meat, 

(beef for example), which may be put into a gas bottle, along 
with very dilute nitric acid. Bv a heat of about 100°, the gas 
is disengaged, and may be collected over water. Its source has 
been satisfactorily traced to the animal substance, no part of it 
proceeding from the nitric acid. 

401. This gas is fatal to animal life and was, on this account, _ . 4 . 
Darned by Lavoisier Azote or Azotic gas , derived from the of*™*. 
Greek privative « and life. This being but a negative pro- 
perty, has been deemed an improper foundation for its nomen- 
clature ; and the term nitrogen has been substituted, because 

one of the most important properties of its base is, that by 
Dnion with oxygen it composes nitric acid. H. 1. 281. 

402. Nitrogen is not inflammable ; and a lighted taper im- F 
tnersed in it is extinguished. Even phosphorus in a state of 
active inflammation is instantly extinguished by it. This is e* p . 
best shown by placing the burning phosphorus in a tin cup 
rawed by a stand, fig. 36, over the surface of the water, and pi. 2 . 
quickly inverting over it ajar filled with nitrogen gas. 

403. When mixed with pure oxygen gas, in the proportion 
of four parts to one of the latter, it composes a mixture resem- 
bling atmospheric air in all its properties. Of this any one e* p . 
m ay be satisfied, by mixing four parts of azotic gas with one 

oxygen gas, and immersing in the mixture, a lighted taper. 

The taper will burn as in atmospherical air. H. 

404. It is not absorbed by water. It is a little lighter than 
rtmospheric air, 100 cubic inches being found by Sir H. Davy 
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to weigh 30,04 grains, under a pressure off 30 inches, and at 
the temperature of 55° Fahrenheit. At p0° Fahrenheit, 100 
inches weigh, therefore, 29,73 grains. According to Dr Thom- 
son its specific gravity is 0,9722 air = 1 1; 0,375 oxygen =1 ; 
and 100 cubic inches weigh 29,6527 grains . ' 

405. That nitrogen is not an element, but itself a compound, 
has been long suspected, and various attempts have been made 
to discover its ingredients. Berzelius from the combination of 
experiment with much theoretical reasoning, has deduced, that 
nitrogen is compounded of oxygen and an unknown base, (2 
Ann. Philos . 284.) This base, however, is purely hypotheti- 
cal ; and has never yet been exhibited in a separate state. Ber- 
zelius has proposed for it the name of nitricum. 

406. When the compounds of nitrogen are submitted to Vol- 
taic decomposition, it is attracted by the negative pole. 

407. Nitrogen and oxygen . — When nitrogen and oxygen 
gases are mingled together, in whatsoever proportions they are 
employed, no combination ensues. The result is a simple mix- 
ture of the two gases, which do not, like inelastic fluids, sepa- 
rate on standing, but remain diffused through each other for an 
indefinite length of time. When, however, either one or both 
of these elements is in a condensed state, or deprived of part of 
that caloric which keeps the gravitating particles of all gases at 
a distance from each other, they unite and form compounds, 
distinguished by very striking properties. According to the 
proportions in which the oxygen and nitrogen exist in these 
compounds, their qualities undergo a remarkable variation ; so 
that from two elementary bodies, variously united, we have 
several compounds, totally unlike each other in external quali- 
ties, as well as in their chemical relations. 

408. In a series of the compounds of nitrogen, founded on 
their proportion of oxygen, they occupy (excluding atmospheri- 
cal air from the number) the following order, the last containing 
the largest proportion of oxygen ; nitrous oxide — nitric oxide or 
nitrous gas — hypo-nitrous acid — nitrous acid or nitrous vapour 
— and nitric acid. The two first are sparingly soluble in wa- 
ter ; but the three last unite with it largely, and form liquid 
compounds of decidedly acid taste and quality. H. 1. 297. 

409. Protoxide of Nitrogen y or nitrous oxide , may be ob- 
tained by several processes. By dissolving zinc, or tin, in 
nitric acid, diluted with five or six times its weight of water. 
Zinc, during this solution disengages nitrous oxide till the acid 
begins to exhibit a brownish colour, when the process must be 
suspended, as nitrous gas is then formed. But the gas thus 
obtained is impure. 

410. To procure it in a state of purity, a salt, to be hereafter 
described, called nitrate of ammonia , is heated in a retort over 
an Argand lamp. The heat should not be raised beyond 440° 
F. The salt will presently liquefy, and must be kept gently 
simmering, avoiding violent ebullition. The gas may be col- 
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leeted over water, and allowed to stand a few hours before it 
u used, during which lime it will deposit a white substance, 

«nd become perfectly transparent. 

411. A gazometer, however, is best adapted for its reception, a gasometer 
because all danger is then avoided of the water of the trough 

being forced into the retort ; and because the gas is brought two. 
into contact with a much smaller surface of water, which has 
the property of absorbing a considerable proportion of the gas. 

On this account, water which has been once used to confine the 
gis, may be kept for the same purpose. 

412. The changes that take place during the conversion of ^ of 
nitrate of ammonia into nitrous oxide, are the following. Ni- 
tric acid is composed of oxygen and nitrous gas, ammonia of 
hydrogen and nitrogen. In a high temperature, the nitrous gas 
combines with an additional dose of nitrogen, and forms nitrous 

oxide ; while the oxygen of the decomposed nitric acid unites 
with the hydrogen of the ammonia, and forms water. 

413. The gas thus obtained, was termed, by its discoverer, synonym*. 
Dr Priestley, dephlogisticated nitrous air ; by the Dutch 
chemists gaseous oxide of azote . Its most appropriate title is 
protoxide of nitrogen .* 

414. In order to ascertain whether nitrous oxide be adulter- Metho<Jof 
ated with either common air or oxygen gas, we may mix equal 
measures of the gas under examination, and of nitrous gas. If lUpuBt7# 
any diminution ensue, the presence of one of these may be sus- 
pected; and the amount of the diminution will show which of 

them is contained in it. Nitrous gas, however, is a much more 
common contamination ; for it is generated, along with nitrous 
oxide whenever the temperature of the salt is raised too high. 

Its presence may be detected, either by red fumes and a diminu- 
tion on the admixture of oxygen gas ; or by ah absorption being 
effected, on agitating the gas with a solution of green sulphate 
of iron, which has no action on pure nitrous oxide. H. 1. 302. 

415. It is considerably heavier than common air. Sir H. specific 
Davy has stated 100 cubic inches (at 30 inches pressure and at frmTlty * 

60° F.) to weigh between 48 and 49 grains ; and hence its 
specific gravity should be very nearly 1,6. According to Dr 
Thomson, 100 cubic inches weigh 46,5972 grs, and its specific 
parity, air = 1, is 1,5277 ; oxygen = 1, 1,375. 

The taste of this gas is sweet, and its smell peculiar, but Properties 
I agreeable. 

It is easily absorbed by water, which takes up about its own 
hoik, and evolves it unchanged when heated. 

Its singular effects, resembling intoxication, when respired, 

*ere first ascertained by Sir H. Davy. ( Researches Chemical 
and Philosophical , chiefly concerning Nitrous Oxide . Lon- 
don, 1800.) The experiment of breathing this gas, however, 

J*Qtiot be made with impunity, especially by those who are 
liable to a determination of blood to the head. 

% P*rafaU account of thi* gas, >e« Sir H. Dacy’s Research*!, Load. 1800. 

16 
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416. Nitrous oxide supports combustion, and a taper intro* 
duced into it has its flame much augmented and surrounded by 
a purplish halo. Phosphorus and sulphur, when introduced in 
a state of vivid ignition into this gas, are capable of decompos- 
ing it, and burn with the same appearance nearly as in oxygen ; 
but, if when put into the gas, they are merely burning dimly, 
they then do not decompose it and are extinguished, so that 
they may be melted in the gas, or even touched with a red hpt 
wire without inflaming, (but when wire intensely heated, or 
made white hot, is applied, the phosphorus burns, or rather 
detonates, with prodigious violence. H.) Charcoal, and many 
of the metals, also decompose nitrous oxide at high tempera- 
tures. 

417. At a red heat this gas is decomposed and converted into 
nitrogen and nitric oxide, undergoing at the same time an in- 
crease of bulk. For experiments of this kind the following 
simple apparatus may be used : It consists of two bladders, fig. 
99, one of which is filled with the gas, and the other empty, 
attached to the extremities of a porcelain tube which traverses 
the body of a furnace. The bladders are supplied with stop- 
cocks, and the gas is squeezed from one to the other when the 
tube is red hot. 

418. The best analysis of this gas is effected by detonation 

with hydrogen ; one volume of nitrous oxide requires one 
volume of hydrogen. This mixture fired by the electric spark, 
produces water, and one volume of nitrogen remains. Now, 
as one volume of hydrogen takes half a volume of oxygen to 
form water, nitrous oxide must consist of two volumes of nitro- 
gen and one volume of oxygen ; these three volumes being so 
condensed in consequence of chemical union, as only to fill the 
space of two volumes. The specific gravity of nitrogen com- 
pared with oxygen, is as 14 to 16 ; nitrous oxide, therefore, 
consists of 14 Nitrogen 

8 Oxygen 

Number for nitrous oxide, = 22* 




Ox vgen 


Nitrous 

or, 

Nitrogen 

8 

— 

Oxide 


14 



22 


419. Nitric oxide, deutoxide of nitrogen , or nitrous gas . — 
This gas, though discovered by Dr Hales, was first examined by 
Dr Priestley, and called by him nitrous air, a term afterwards 
changed to nitrous gas , then to nitric oxide, and more lately 
to deutoxide of azote , or deutoxide of nitrogen, which last ap- 

* Taking oxygen as = 1 the atomic weight of nitrous oxide is 2,75. T. 
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pears to be its most appropriate title. It is more generally 
known, however, under the name of nitrous gas. H. 

420. It is usually obtained by presenting certain substances to 
nitric acid, which abstract a portion of its oxygen, leaving the 
remaining elements in such proportions as to constitute the gas 
in question; for this purpose some copper filings may be put 
into a gas bottle, fig. 65, with nitric acid, diluted with thrice 
its bulk of water; an action ensues, red fumes are produced, 
and there is a copious evolution of the gas, which may be col- 
lected and preserved over water. The first portions should be 
rejected as containing nitrogen and nitrous acid gas. Nitric 
oxide is presently recognized by the red fumes which it pro- 
duces when brought into the contact of air. During this pro- 
cess part of the nitric acid gives oxygen to the copper ; and 
passes to the state of nitrous gas, and the remaining acid unites 
with the deutoxide of copper, and composes the deutonilrate 
of that metal. 

421. Quicksilver may be substituted for the copper ; but 
in the latter case it will be found necessary to apply heat to the 
materials. H. 1. 306. 

423. When mixed with oxygen gas red fumes arise, heat is 
evolved, a diminution takes place, and if the two gases be in 
proper proportion, and perfectly pure, they disappear entirely. 
The product of this union is possessed of acid properties, which 
may be shown by the following experiment. 

Paste a slip of litmus-paper within a glass jar, near the bot- 
tom ; and into the jar, filled with and inverted in water, admit 
as much nitrous gas, previously well washed, as will displace 
the water below the level of the paper. The colour oi the 
litmus will remain unchanged ; but on adding oxygen gas it will 
be immediately reddened. H. 311. 

423. Nitrous gas is rather heavier than common air ; 100 
cubic inches at 60° F. barometer 30, weigh 32 grains, and its 
specific gravity is 1,050 (Davy.) According to Dr Thomson 
100 cubic inches weigh 31,7708 grains and its specific gravity 
i* 1,04166, air = 1, or 0,9375 oxygen = 1. Its specific gravity 
to hydrogen is as 15 to 1, 

424. When it has been washed with water it is not acid, as 
proved by the colour of litmus remaining unchanged jij it. (422.) 

425. It extinguishes most burning bodies ; but phosphorus 
readily burns in it if introduced in intense ignition. Mingled 
with hydrogen gas it imparts a green colour to its Same. 

426. It is not altered by a red heat, nor does it detonate when 
mixed with hydrogen and subjected to the electric spark ; but 
it may be decomposed by the action of some of the metals at 
high temperatures, which absorb its oxygen. One volume of 
nitric oxide is thus resolved into equal volumes of oxygen and 
nitrogen. If therefore we call nitrous oxide a compound of 1 
proportional, or atom, of nitrogen + 1 of oxygen, then nitric 
oxide may be considered as consisting of 1 nitrogen + 2 oxygen, 
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or by weight, 14 nitrogen + 16 oxygen, and its symbol will 
stand thus : 


Nitrogen 

Oxygen 

8 

14 

8 


427. Nitrous gas is decomposed by exposure to almost all 
bodies that attract oxygen. Thus iron filings decompose it, 
and become oxidized, affording a proof of the presence of 
oxygen in this gas. During this process, water, ammonia, and 
nitrous oxide, in the pioportion of one volume from two of 
nitrous gas, are generated. Sulphuret of potash, &c. have a 
similar effect. Sulphuret of barytes gives one half its volume 

r\ of nitrogen. Mixed with sulphurous acid, nitrous gas is decom- 
* posed, and this acid is changed into the sulphuric, but not un- 
less water is present.* Nitrous gas, does not, with hvdrogen 
gas, afford a mixture that can be exploded by the electric spark; 
but, with ammoniacal gas, it may be fired in a Volta’s eudio- 
meter over mercury. The oxygen of the nitrous gas unites 
with the hydrogen of the ammonia, and the nitrogen of both 
/ gases is set at liberty. H 1. 211. 

A piece of glowing charcoal plunged into nitric oxide gas is 
Exp * presently extinguished, but if it be passed through a porcelain 
tube containing red hot charcoal, nitrogen and carbonic acid and 
oxide are produced. B. 

428. Nitric Oxide and Chlorine , when both are perfectly 
dry* exert no mutual action, but the presence of water causes 
an immediate change ; it is decomposed, and, furnishing oxygen 
to the nitric oxide, and hydrogen to the chlorine, nitrous acid 
and muriatic acid gases are generated. It was the presence of 
water which misled those, who thought that the red fumes pro- 
duced by mixing nitric oxide and chlorine not carefully dried, 
resulted from the existence of oxygen in chlorine. 

429. Gay-Lussac has concluded from his experiments that 
there exists a compound of nitrogen and oxygen intermediate 
between nitric oxide and nitrous acid, which he has termed per- 
nitrous acid, but to which the term hypo-nitrous acid is more 
applicable. He considers it as a compound of 1 proportional of 
nitrogen, and 3 of oxygen. 

r When 400 measures of nitrous gas, and 100 measures of 
it» existence oxygen (in which, taken together, the nitrogen and oxygen are 
hypotheticni. ^ eac j l other by measure as 100 to 150) are mixed together 
over a solution of potash confined by mercury, we obtain 100 
measures of this compound, t which however, is so far hy- 
pothetical that it has never yet been exhibited in a separate 
form, for when a stronger acid is added, to expel it from the 
potash, it is resolved into nitrous gas and nitrous acid. 


• NicboUon’s Jour. XTii. 49. 


f Abb. is Chine ct Fbjf. L 400. 
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Calculating from the proportions of its elements, and their cobpmium. 
state of condensation, 100 cubic inches of hypo-nitrous acid must 
weigh 80 ft grains, and it must consist in 100 grains of 

Volt. Atom. B j weight. 


Nitrogen . . 1 . . . 1 . . . 36,8 . 100 
Oxygen. . . 1,5 . . 3 . . . 63,2 . 171,74 

2,5 100, H. 1. 314. j 

430. Nitrous Acid Gas. — When nitric oxide is presented Nitn>«ttc»4 
to oxygen, the two gases combine, and a new gaseous compound ***'• 

of a deep orange colour fesults. This compound is not easily 
examined, because it is absorbed both by quicksilver and water, 
so that we are obliged to resort to exhausted glass vessels for 
its production. When we thus mix two volumes of nitric 
oxide with one volume of oxygen, the gases become condensed 
to about half their original volume, and form nitrous acid gas . 

431. This gas supports the combustion of the taper, of phos- PropertM*. 
phorus, and of charcoal, but extinguishes sulphur. It is readily 
absorbed by water, forming a green sour liquid. Its specific 
gravity to hydrogen is as 23 to 1, and 100 cubic inches weigh 

48,69 grains. « — i 

It is obvious that this nitrous acid gas must consist of 14 ciLpodtioB. 
nitrogen -f 32 oxygen, and therefore, its number is 46 ; for 
nitric oxide is composed of equal volumes of nitrogen and oxy- 

K n, and one additional volume of oxygen, or two proportionals , 

/ weight, are added to form nitrous acid. -- ' 


Nitrogen 

14 

Oxygon 

8 


8 

8 


>32 



432. If the mixture of nitric oxide and oxygen be made over 
water, in the above proportions, and if the gases be perfectly 
pure, complete absorption takes place ; but if either the oxygen W * 
or nitric oxide contain uncombined nitrogen it will remain un- 
absorbed. 

433. To form liquid nitrous acid, nothing more is necessary 

than to saturate water with this vapour. The water becomes Liqoia nim 
first green, then blue, aad finally an orange colour, more or less troo#M « l - 
Joop. The latter may be brought to the state of green or blue 
by adding more or less water. Hence the colour depends 
merely on the circumstance of density. H. 1. 315. 
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434. The properties of liquid nitrous acid, Berzelius re- 
Properti*. marks,* differ from those of nitric acid ; for while the latter 
aiflv-rjgotn boils at 236°, nitrous acid of the same density boils at 160°. 

tho*e OTouric 1 . . J * 

acid. The purely acid part, he considers to be composed of 36,9 
^spitrogen + 63,1 oxygen. With bases, it forms a class of salts, 
which, he asserts, differ entirely from those containing nitric 
acid. On the other hand, we have the testimony of Gay-Lus- 
sac, that the nitrous acid is decomposed with so much facility 
by contact with alkaline solutions, as to be incapable of form- 
ing a distinct class of salts. With solution of potash, for exam- 
ple, he found that it affords pernitrite and nitrate, but nothing 
that can properly be called a nitrite of potash.t 

\ „ 435. Nitric Add . — The fifth compound of nitrogen with 

ci * oxygen is the nitric acid ; the nature of which was first demon- 
strated by Mr Cavendish, in 1785. (Phil. TVans.) It is 
usually obtained by the distillation of purified nitre with sul- 
phuric acid, of which materials different proportions are em- 
ployed. 

Into a glass retort, which may be either tubulated or not, 
put four parts by weight of nitrate of potash, reduced to a coarse 
powder, and pour upon it three parts of concentrated sulphuric 
acid. Apply a tubulated receiver of large capacity, between 
which, and the retort, an adopter may be interposed ; these 
junctures being luted with a mixture of pipe-clay, sifted sand, 
and cut tow or flax. To the tubulure of the receiver, a glass 
tube may be fixed by means of the fat lute4 end may termi- 
nate in another large receiver, containing a small quantity of 
water. 

If the operator wishes to collect the gaseous products also, 
this second receiver should be provided with a tubulure, to 
which a bent pipe may be luted, terminating under one of 
the inverted funnels in the shelf of the pneumatic trough. Ap- 
ply heat to the retort, through the intervention of a sand-bath. 
The first product, that passes into the receiver, is generally of 
a rgd colour, and of a smoking quality. These appearances 
gradually diminish ; and if the materials used were clean, the 
.acid will come over pale, and even colourless. Afterwards it 
gradually re-assumes a red colour, and smoking property; 
which appearances go on increasing till the end of the opera- 
tion ; and the whole product, mingled together, has either a 
yellow or an orange colour, according to the temperature em- 
ployed. H. 1. 318. 

436. The nitric acid of commerce, which is generally red and 
fuming in consequence of the presence of nitric oxide, is procur- 
ed by the distillation of two parts of nitre with one of sulphuric 
acid ; these proportions afford about one part of orange-coloured 
nitric acid of the specific gravity of 1,48. Upon the laige 

* 13 Add. de China. 10. 
f Ado. de Chim. et Phys. i. 400. 

X Formed by beating perfectly dry and finely sifted tobacco pipe day. with painters' drying oil. 
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scale 112 lbs of nitre, and 56 of sulphuric acid yield from 50 
to 52 lbs of nitric acid. Some manufacturers employ three 
parts of nitre and two of sulphuric acid, and the London Phar- 
macopoeia directs equal weights, by which a nearly colourless 
nitric acid is afforded. 

It will appear by referring to the article Sulphuric Acid , 
that it contains in its liquid state one proportional of dry acid, 
and one of water ; whereas liquid nitric acid contains one pro- 
portional of dry acid, and two of water ; hence the requisite 
excess of sulphuric acid, where colourless and perfect nitric 
acid is to be obtained ; hence too the red colour of the acid of 
commerce in consequence of the smaller quantity of sulphuric 
acid generally* used by the manufacturer. This will be more 
apparent by reference to the article Bi-sulphate of Po - 
tassa.* 

The distillation of nitric acid may be conducted upon the 
small scale in a tubulated glass retort a, with a tubulated re- 
ceiver by passing into the bottle c, fig. 100. The requisite heat 
is obtained by the lamp dy and the whole apparatus supported 
by the brass stands with sliding rings e e. 

But the manufacturer who prepares nitric acid upon a large 
scale, generally employs distillatory vessels of stone- ware. 
Fig. 101 represents the arrangement of the distillatory appa- 
ratus, employed at Apothecaries’ Hall, London, for the pro- 
duction of common aquafortis : it consists of an iron pot, 
set in brick- work, over a fire-place; an earthenware head 
is luted upon it, communicating with two receivers of the same 
material, furnished with earthenware stop-cocks, the last of 
which has a tube of safety dipping into a basin of water. 

437. The nitric acid of commerce, as obtained by the above 
processes, is always impure, and muriatic and sulphuric acids 
may usually be detected in it. The former may be separated 
by nitrate of silvery and the latter by a very dilute solution 
of nitrate of baryta . To obtain pure nitric+acidy therefore, 
add to that of commerce a solution of nitrate of silver, as long as 
it produces any white precipitate; and when this has subsided, 
pour off the clear liquor, and add, in the same way, the nitrate 
of baryta; then distil the acid, and it will pass over perfectly 
pure. For pharmaceutical purposes, the ordinary acid is gene- 
rally sufficiently pure. If, however, pure nitre, and pure sul- 
phuric acid be employed in its production, and the latter not in 
excess, there is little apprehension of impurity in the resulting 
acid. 

438. Nitric acid in its dry state, that is, as it exists combined 
with metallic oxides in the salts called nitrates , may be regard- 
ed as composed of one proportional of nitrogen = 14, and 5 of 

4 If it b« required to decompose the whole of any portion of nitre, it it necessary to use as much 
•el phone acid, as will form, with the alkali of the nitre, bi-rulphat t of potash, viz. 97 parts of » cid, of 

daosity 1,15 to K» parts of nitre. H. 1.319. 
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oxygen s 40* and this will be the symbol representing its com- - t 
position, ] 



Consequently, the representative number of dry nitric acid 
is 54,0. But in its liquid state it always contains water ; and 
when in this state its specific gravity is 1,5, it may be regard- 
ed as a compound of one proportional of dry acid and two of 
water, which may be numerically expressed thus : 

Acid. Water. • 

54. + 18 = 72, liquid acid. 

TreperUei of 439. Liquid nitric acid is heavier than water, in the propor- 
«jmd nitric t j on 0 f 1^5 or upwards to 1 . Proust obtained it as high as 
1,62 ; and the specific gravity of real nitric acid, which can- 
not, however, be obtained separately, may be calculated at 1,75. 
In its heaviest form, it still contains a portion of water, which 
is essential to its existence in a liquid state, and without which 
its elements would separate from each other. In acid of the 
sp. gr. 1,50 the water amounts, calculating from the data furnish- 
ed by Dr Wollaston, to 25,11 grains in 100 grains of acid ; or, 
k according to Mr R. Phillips, to 25,09. According to Sir H. 
Davy, the strongest acid (sp. gr. 1,55) contains 14,4 parts of 
water in 100 ; and acid of sp. gr. 1,42 contains 25,2 of water 
in 100. ( Elements , p. 265.) \ 

440. Nitric acid is usually" coloured by nitrous acid gas, to 
expel which, put the acid into a retort to which a receiver is 
applied, the two vessels not being luted, but joined merely by 
paper. Apply a very gentle heat for several hours to the 
retort, changing the receiver as soon as it becomes filled with 
red vapours. The nitrous gas will thus be expelled, and the 
nitric acid will remain in the retort limpid and colourless. It 
must be kept in a bottle secluded from light. H. 320. 

441. Hidro-nitric acid emits white fumes when exposed to 
the air, and is extremely sour and corrosive. 

It gives a yellow stain to the skin. 

It boils at 248° Fahrenheit, and may be distilled over with- 
out any essential change. This, however, is true only of acid 
of the specific gravity 1,42 ; for an acid, weaker than this, is 
strengthened by being boiled ; while an acid, stronger than 
1,42, becomes weaker by boiling. All the varieties of nitric 
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add, therefore, are brought by sufficient boiling to the specific 
parity 1,42. 

442. Hydro-nitric acid may be frozen by the application of Maybefro- 
a sufficiently low temperature. Like sulphuric acid, there is a «». 
certain point of density at. which it most readily congeals. Mr 
Cavendish has described this, not by its specific gravity, but 

by the quantity of marble which it is capable of dissolving. 

When it takes up iVaVths of its weight, in Vhich case its spe- j 
cific gravity is 1,3, the acid freezes at 2° below 0 Fahrenheit. 

When considerably stronger and capable of dissolving T yy*ths, 
it required cooling to — 41,6 ; and when so much diluted as 
to take up only /^ths, it did not congeal till cooled to— . 

40,3.* J 

443. Strong hydro-nitric acid absorbs moisture from the at- Abgort , gmoii . 
mosphere ; in consequence of which it increases in weight, and ture. 
diminishes in specific gravity. 

444. When two parts of the acid are suddenly diluted with 
one of water, an elevation of temperature is produced to about 
112° F.; and the admixture of 58 parts by weight, of acid of 
specific gravity 1,50 with 42 parts of water, both at 60° F.^ 
gives a temperature of 140°t. When more water is added to 
this diluted acid, its temperature is reduced. Snow pr ice add- 
ed to the cold dilute acid is instantly liquefied, and an intense 
degree of cold is produced. 

445. It becomes coloured by exposure to the sun’s light, Eftctofwlir 
passing first to a straw colour, and then to a deep orange. This light, 
effect is produced by the union of the light of the sun with 

oxygen, m consequence of which the proportion of the acidi- 
fying principle to the nitrogen is diminished. 

446. By exposing it to the sun’s rays in a gas bottle, the 
bent tube of which terminates under water, oxygen gas may be 
procured. H. 1. 321. 

447. Nitric acid is of considerable use in the arts. It is em- uses, 
ployed for etching on copper, as a solvent of tin to form with 

that metal a mordant for some of the finest dyes ; in metallurgy 
and assaying ; in various chemical processes, on account of the 
facility with which it parts with oxygen and dissolves metals ; 
in medicine as a tonic, &c. For the purposes of the arts it is 
commonly used in a diluted state, and contaminated with the 
sulphuric and muriatic acids, by the name of aquafortis. This 
is generally prepared by mixing common nitre with an equal 
weight of sulphate of iron, and half its weight of the same sul- 
phate calcined, and distilling the mixture ; or by mixing nitre 
with twice its weight of dry powdered clay, and distilling in a 
reverberatory furnace. Two kinds are found in the shops, one 
called double aquafortis which is about half the strength of 
nitric acid ; the other simply aquafortis , which is half the 
strength of the double. IL 72. 

* Phil. Trans. 1788. f Dr Ure. 

17 
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bvcomSusS 1 This ac *d retains its oxygen with but little force,— 

bi«,° "* hence it is decomposed by all combustible bodies, which are 
oxygenized by it, with more or less rapidity in proportion to 
their affinity for oxygen. 

Exp. Poured on perfectly dry and powdered charcoal it excites 

the combustion of the charcoal, which becomes red hot, and 
emits an immense quantity of fumes. 

It also inflames essential oils when suddenly poured on 
them. 

Exp. Into a gallipot, placed upon a hearth and containing about a 

table-spoonful of oil of turpentine, pour about half the quantity 
of strong nitrous acid, previously mixed with a few drops of 
sulphuric acid. The moment the acids come in contact with 
the turpentine a large quantity of dense smoke will be pro- 
duced, often accompanied with flame. The acid should be pour- 
ed from a bottle tied to the end of a long stick, otherwise the 
operator’s eyes may be severely injured. 

And metal*. 449. It is also decomposed by metals, as iron, tin, zinc, cop- 
per, &c. and with different phenomena, according to the affin- 
ity of each metal for oxygen. 

Exp. This may be seen by pouring some strong nitric acid on iron 

filings, or powdered tin. The acid must be of greater density 
than 1,48, otherwise it will not produce the effect. Violent 
heat, attended with red fumes, will be produced, and the metals 
will be oxidized. H. 1. 323. 

Aadbyand 450. Nitric acid may be decomposed by passing its vapour 
h#mt * through a red hot porcelain tube ; oxygen is given off, nitrous 
acid gas is produced, and a quantity of diluted acid passes 
over into the receiver, having escaped decomposition ; so that 
it is thus proved to consist of nitrous acid gas, oxygen and 
water. 

For experiments of this kind the form of apparatus, described 
for the decomposition of water by iron (351), may be employ- 
ed, omitting the condensing worm-pipe. 
s^bUmm. The nature of nitric acid was first synthetically demonstrated 
by Mr Cavendish, who passed electric sparks through a portion 
of atmospheric air, or through a mixture of one part of nitro- 
gen and two of oxygen, confined over mercury. After some 
time the mixture diminished in bulk, and, on admitting a little 
water, an acid solution was obtained, which afforded crystals of 
nitre when saturated with potassa. 

Aqu* Reg!*. 451. Nitro-muriatic Acid . — This term has been applied to 

the Aqua Regia of the alchemists. When nitric and muriatic 
acids are mixed, they become yellow, and acquire the power 
of readily dissolving gold, which neither of the acids possess- 
ed separately. This mixture evolves chlorine, a partial de- 
composition of both acids having taken place, and water, chlo- 
rine, and nitrous acid gas. are thus produced ; that is, the 
hydrogen of the muriatic acid abstracts oxygen from the 
nitric to form water : the result must be chlorine and nitrous 
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wM. — Davt, Journal of Science and t he Arts , Vol. i. p. 

67. 

For every 101 parts in weight of real nitric acid (equivalent 
to 118 of hydro-nitric acid) which are decomposed, 67 parts of 
chlorine. Sir H. Davy calculates, are produced. According to 
this view it is not correct to say that aqua regia oxidates gold 
or platinum, since it merely causes their combination with chlo- 
rine. By loog continued and gentle heat, nitro-muriatic acid 
may be entirely deprived of chlorine, and it then loses its power 
of acting on gold and platinum. H. 1. 325. 

452. Nitrogen and Chlorine. — Chloride of Nitrogen . — £*£££* 
These gases do not unite directly , but the compound may be 
obtained by exposing a solution of nitrate or muriate of am - 
monia to the action of chlorine, at a temperature of 60° or 70°. 

The gas is absorbed, and an oil-like fluid, heavier than water, 
is produced. It is the most powerfully detonating compound 
with which we are acquainted. It was discovered by M. Du- 
long, in 1812. — Jlnnales de Chimie , Vol. lxxxv. / 

The simplest mode of obtaining this compound, consists in Proc*« for 
filling a perfectly clean glass basin with a solution of about one 0bta,n,0i, 
part of sal-ammoniac in twelve of water, and inverting into it a 
tall jar of chlorine. The saline solution is gradually absorbed 
and rises into the jar, a film forms upon its surface, and it ac- 
quires a deep-yellow colour ; at length small globules, looking 
like yellow oil, collect upon its surface, and successively fall 
ioio the basin beneath, whence they are most conveniently re- 
moved by drawing them into a small and perfectly clean glass 
syringe, made of a glass tube drawn to a pointed orifice, and 
having a copper wire with a piece of clean tow wrapped round 
it for a piston ; fig. J01, in this way a globule may be drawn j 
into the tube, and transferred to any other vessel. — * 

453. Its specific gravity is 1,6653 water being 1, it is not p roptrt |M. 
congealed by cold. Its odour is irritating and peculiar; it 

very soon evaporates when exposed to air. This substance is 
decomposed with violent detonation by many combustibles, 
especially phosphorus, and fixed oils. Its discoverer M. Du- 
long was severely wounded in his first experiments on it; 
and Sir H. Davy had a serious injury done to his eyes in re- 
peating them. 

In making these experiments, a small globule of the com- tacumioi* 
pound, about the size of a mustard-seed, should be cautiously 
transferred to a clean porcelain basin, half filled with water. 

The basin should be covered with a wire safe-guard. A very 
small piece of phosphorus, fixed to the end of a long rod with 
the extremity dipped in oil may be then brought into contact 
with the globule, which instantly explodes, dispersing the wa- 
ter, and breaking the basin. At 160° it distils without change, 
hut at 212° explodes, and is decomposed. It was submitted te 


.Digitized by LjOOQle 


132 


IODIDE OT NITROGEN. 


the action of 125 different substances, by Messrs Ferret and 
' Wilson, of which the following caused it to explode. 


Phosphorus. 
Phosphuret of lime. 
Caoutchouc. 

Myrrh. 0 
Palm-oil. 

Whale-oil. 

Linseed-oil. 


Olive-oil. 

Oil of turpentine. 
Naptha. 

Liquid ammonia. 
Phosphuretted hydrogen. 
Nitric oxide. 


The metals, resins, and sugar did not cause it to explode. — 
Nicholson’s Journal , Vol. xxxiv. 

compontion 454 t Alcohol quickly changes it into a white substance. 
df Mercury absorbs the chlorine and evolves nitrogen. It yields, 
by decomposition, 1 volume of nitrogen and 4 of chlorine ; and 
as the specific gravity of nitrogen to chlorine is as 14 to 36,0, 
so it may be said to consist of 1 proportional of nitrogen -f- 4 

ir c 

proportionals of chlorine, or 14 + 144, by weight, and itsnum- 
. ber will be 158. 



455. In the state of vapour, it is probable that the five volumes 
of aeriform matter which it affords by decomposition, are con- 
densed into one, since its decomposition by mercury is not at- 
v- ..tended by any change of its volume. 
lodidAof Ni- 456. Nitrogen and Iodine . — Iodide of Nitrogen . — A com- 
trofen. pound of these bodies may be procured by pouring a solution 
of ammonia upon a very small quantity of iodine. Hydriodic 
acid is one product, and the other a brown powder, which de- 
tonates upon the slightest touch, and is resolved into nitrogen 
and iodine. It may be collected by pouring off the liquid, and 
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Ammonia or 
Tolatile alka- 

li. 

Process for 
obtaining. 


{being it, while moist, in small parcels upon bibulous paper, Exp. 
where it must be suffered to dry spontaneously. 

If we collect the powder on two or more separate pieces of 
paper, and place them at several inches apart, the explosion of 
toy one of them will cause that of the others. 

When it detonates, the purple fumes of iodine are percepti- 
ble, and it is converted into nitrogen gas and iodine ; but all 
attempts to collect the products have failed, and we are igno- 
rant therefore of the proportion of its components. 

When left exposed it gradually evaporates. 

457. Nitrogen and Hydrogen— Ammonia; or Vblatile 
alkali . — Ammonia in its purest form exists in the state of a 
gas. 

It may be obtained by heating a mixture of quicklime and 
muriate of ammonia ( Sal ammoniac .) Two parts of dry 
quicklime and one of muriate of ammonia, each separately pow- 
dered, may be introduced into a small glass retort, or gas bottle, 
and upon the application of a gentle heat the gas passes over. 

It must be received over mercury. 

458. Persons not having a mercurial apparatus may receive 
this gas in a glass jar inverted over a tube bent as in fig. 102. 

As the gas is evolved from the materials contained in the gas- 
bottle, it rises into the jar and displaces the atmospheric air. 

When the jar is filled with ammonia (which will be known by 
its pungent otlour as it escapes from the neck of the jar) the 
tube may be carefully withdrawn, and a well ground stopper 
be inserted into the neck of the jar. 

459. Ammonia is permanently elastic at common tempera- Properties. 
tureS, extremely pungent and acrid, but when diluted by mix- 
ture with common air, agreeably stimulant. It converts most 
vegetable blues to green, and the yellows to red, properties 

which belong to the bodies called alkalis . Ammonia, there- 
fore, has been termed volatile alkali . 

460. It extinguishes flame, and is fatal to animals. Before, 
however a candle is extinguished by immersion in this gas, the 
flame is enlarged, by the addition of another of a pale yellow 
colour, which descends from* the mouth to the bottom of 
the jar. If the flame of the candle be only in part immersed 
in the gas, this yellowish flame rises a few lines above the 
other. 

461. Ammoniacal gas is not sufficiently inflammable to bum 
when in contact with common air. But, when expelled from 
the extremity of a pipe, having a small aperture, surrounded by 
oxygen gas, it may be kindled, and it then burns with a pale 
yellow flame, the products of its combustion being water and 
nitrogen gas. 

462. Ammonia is rapidly absorbed by water. A drop or two 
• of water being admitted to a jar of this gas, confined over mer- 
cury, the gas will be immediately absorbed, and the mercury 
will rise, so as to fill the whole of the jar, provided the gas be E*p. 
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Exp. 


mixture 

ammonia 

chlorine. 


Exp. 


sufficiently pure. Ice produces the same effect in a still mors 
remarkable manner, and liquid ammonia is produced. 

Specific parT*' I* 8 specific gravity to hydrogen is as 8,5 to 1 ; 100 wi- 
fi; j. bical inches weighing 18 grains, B. Air being = 4 1 its specific 

gravity is 0,59027. Oxygen = 1 it is 0,53125, and 100 cubic 
\ inches weigh 18,0035. T. 

464. When ammonia is presented to muriatic acid it unites 
with it and white vapours, composed of muriate of ammonia are 
formed. This will be evident if we moisten the inside of a glass 
jar with muriatic acid, and pass into it a small quantity of am- 
monia, dense clouds of muriate of ammonia will immediately 
form (37). 

phenomena *65. Chlorine and ammonia exercise so powerful an action 
attending the on each other that when mixed suddenly, a sheet of white flame 
and pervades them. The simplest way of making this experiment, 
is to invert a matrass with a conical neck and wide mouth, over 
another with a taper neck containing a mixture of sal ammo- 
niac and lime, heated by a lamp. As sopn as the upper vessel 
seems to be full of ammonia, by the overflow of the pungent 
gas, it is to be cautiously lifted up, and inserted, in a perpendic- 
ular direction, into a wide mouthed glass decanter or flask, filled 
with chlorine. On seizing the two vessels thus joined with the 
two hands, covered with gloves, and suddenly inverting them, 
like a sand-glass, the heavy chlorine and light ammonia, rush- 
ing in opposite directions, unite, with the evolution of flame. 
U. 158. 

466. The usual state in which ammonia is employed is in 
solution, both in chemistry and medicine. This solution bears 
the name of Liquor Ammoniae of the London Pharmacopoeia.* 
It may be obtained by passing the gas into water in a proper 
apparatus, fig. 81, or by distilling over the water and gas to- 
gether. 

Mr Ph»m ’ The following process, recommended by Mr Phillips answers 

proceM* ip#B well. On 9 ounces of well-burned lime pour half a pint of wa- 
ter, and when it has remained in a well closed vessel for about 
an hour, add 12 ounces of muriate of ammonia in powder and 
three pints and a half of boiling water ; when the mixture has 
cooled, pour off the clear portion, and distil from a retort 20 
fluid ounces. The specific gravity of this solution, which is 
sufficiently strong for most purposes, is 0,954 — Remarks on 
London Pharmacopoeia^ p. 34. 

The specific gravity of the officinal solution directed in the 
Pharmacopoeia , is 0,960. 

" 467. Liquid ammonia should be preserved in well-stopped 
glass bottles, since it loses ammonia and absorbs carbonic acid, 
when exposed to air. When heated to about 140°, ammonia is 
rapidly given off by it ; when concentrated it requires to be cool- 
ed to — 40° before it congeals, and then it is apparently inodo- 
rous. 


Liquor 


L p j 


* Aqua, Ammoniae of the United Sute« Ph&nnocopmi*. 
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468. Dr Henry (PA*V. Trans . 1809,) first observed that a 
mixture of ammonia and oxygen gas might be fired by an elec- 
tric spark, and this property furnishes a means of analyzing the 
alkaline gas. Electricity also decomposes ammoniacal gas. If 
a succession of electrical sparks be passed through a small por- 
tion of the gas confined in a proper tube over quicksilver, it 
will increase to about twice its original bulk, and lose its easy 
solubility in water. If the gas thus expanded be mixed with 
from one-third to one-half its bulk of oxygen, and an electric 
spark passed through the mixture, an explosion takes place, 
attended by considerable diminution. Note the amount of the 
diminution, divide it by 3, and multiply the product by 2. The 
result shows the quantity of hydrogen. 

Suppose, for example, that we expand 10 measures of ammo- 
nia to 18 ; and that, after adding 8 measures of oxygen gas, we 
find the whole (= 26 measures) reduced by firing to 6 measures; 
the diminution will be 20. Dividing 20 by 3, we have 6,66, 
which, multiplied by 2, gives 13,32 measures of hydrogen gas 
from 10 of ammonia. Deducting 13,32 from 18, we have 4,68 
for the nitrogen gas contained in the product of electrization. 
Therefore 10 measures of ammonia have been destroyed, and 
expanded into 


13,32 measures of hydrogen gas, 

4,68 nitrogen gas. 

469. It appears probable that one volume of ammonia is resolv- 
ed by electric decomposition into two volumes of a mixture of 
hydrogen and nitrogen, consisting of three volumes of hydro- 
gen and one volume of nitrogen ; hence the following symbols 
will represent the composition and volume of ammonia : 


Nitrogen 

14 

Hydrogen 

1 


Hydrogeo 

1 

Hydrogen 

1 


470. When ammonia and oxygen are detonated, the nitrogen 
is oxidized as well as the hydrogen ; hence, if excess of oxygen 
be used, the whole of the ammonia disappears, and nitrate of 
ammonia is formed. 

471. Ammonia is decomposed by passing it through a red-hot 
iron tube j it suffers expansion, and is resolved into hydrogen and 
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Salts of am* 
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Chlorate of 
ammonia. 


Iudate. 


Ssl-ammoni* 

ac. 


nitrogen gases, furnishing a singular instance of change of prop- 
erties in consequence of chemical combination, a fig. 103, is a 
bladder filled with ammonia which may be passed through the 
iron tube 5, placed in the furnace c ; the gas is decomposed, 
and hydrogen and nitrogen may be collected over the water 
in d. 

Ammonia is also decomposed when passed over black oxide 
of manganese, heated red-hot in a porcelain tube ; the results 
are water and nitrous acid gas ; nitrate of ammonia is also often 
formed. 

472. Ammonia is produced synthetically during the decom- 
position of many animal substances ; it is also formed during 
the violent action of nitric acid upon some of the metals ; and 
by moistened iron-filings exposed to an atmosphere of nitrogen ; 
in these cases the nascent gases unite so as to form a portion of 
ammonia. 

473. Ammonia combines with the acids, and produces a class 
of salts which, with very few exceptions, are soluble in water, 
and which eyolve the odour of ammonia when mixed with 
lime or with pure potassa. These salts are, for the most part, 
entirely dissipated, and, generally speaking, decomposed by 
heat. 

474. Ammonia and chloric acid — Chlorate of Ammonia 
is formed by saturating chloric acid with carbonate of ammonia. 
It forms very soluble acicular crystals, of a sharp taste, which 
detonate when thrown upon hot coals. It probably consists of 
1 proportional of each of its components, and 17 ammonia + 
76 chloric acid. 

475. lodate of Ammonia forms small indeterminate crys- 
tals ; when heated they are decomposed into oxygen, nitrogen, 
water and iodine. — When heated in close tubes, the tubes are 
frequently burst ; but Gay-Lussac succeeded in collecting the 
products, which were equal volumes of oxygen and azotic 
gases. He states its composition at 100 acid + 10,94 ammonia, 
or 2 vols. of gaseous ammonia, 1 volume of iodine in vapour, 
and volumes of oxygen. H. 405. 

476. Ammonia and Chlorine . No compound of chlorine 
and ammonia can exist, for as soon as ammonia is brought into 
contact with chlorine, it is decqmposed in the manner already 
described (456) H. On mixing 15 parts of chlorine and 40 of 
ammonia, 5 parts of nitrogen are liberated and muriate of am- 
monia is formed. B. 

477. Ammonia and Muriatic Add— Muriate of Ammo- 
nia — Hydrochlorate of Ammonia — Sal-Ammoniac. — This 
salt may be produced directly by mining equal volumes of 
ammonia and muriatic acid, when an entire condensation en- 
sues (37). 

This may be shown by means of the apparatus fig. 53. Into 
one of the retorts a email quantity of muriatic acia (or the ma- 
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teriab from which the acid gas is usually obtained (371) is intro- 
duced; and into the other liquid ammonia (or the mixture of £ zp . 
lime and muriate of ammonia (457). The evolved gases passing 
into the cylinder unite producing dense clouds of muriate of 
ammonia which concrete upon the inner surface of the cylin- 
der. 

478. We may also form muriate of ammonia by mixing over 
mercury, equal measures of aminoniacal gas, and muriatic acid 
gas, which are entirely condensed into a white solid. 

479. It is easy to calculate the composition of this salt, for c « n P 0 « tioB - 
since 100 cubic inches of muriatic acid gas weigh 39 grains* 

and the same volume of ammonia weighs 18,18 grains, t muriate 
of ammonia must consist of 


Atoms. 

Muriatic acid 68,205 ... 1 ... 37 

Ammonia . 31,745 . * . 1 . * . 17 


100, 54 

But in' its ordinary state, the salt contains water, the propor- 
tion of which, according to Berzelius is as follows 


Atoms. 

Muriatic acid 49,55 ... 1 ... 37 

Ammonia 31,95 ... 1 ... 17 

Water 18,50 . . . 1 . . . 9 


100, 63. 

H. 1. 406. 

480. Muriate of ammonia when heated sublimes in the form 
of white vapour; and may even be passed through glass or por- 
celain tubes heated to redness, without alteration. 

481. It is readily soluble in water, three parts and a half of 2£ erpropw ' 
which at 60°, take up one of the salt. During its solution much 

caloric is absorbed. It is still more soluble in boiling water, 
from which it crystallizes on cooling. On the addition of a 
solution of pure potash, soda, or lime, the alkali is disengaged, 
as is evinced by the pungent smell that arises. This may be Ezp . 
proved by rubbing together in a mortar muriate of ammonia 
and quicklime. 

482. Though generally considered as a neutral salt, yet, if 
placed on litmus paper and moistened, Berzelius observes, that 
the paper is reddened after some moments, as it would be by 
an acid. 

, 483. It is decomposed by baryta, strontia, lime and magne- 

sia. H. 


*39,1389) 

Vair = 1. 
1 18.0036 ) 

18 


Thornton’ • Firtt Prin. 
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Uiet. 


Native. 


Origin of tbe 
name. 


Hydriodate 
of ammonia. 


Nitrate of 
ammonia. 


Composition. 


484. Muriate of ammonia was formerly imported from Egypt, 
where it was obtained by burning the dung of camels ; it is 
now abundantly prepared in various parts of Europe. Its pre* 
paration will be hereafter described. When obtained by evap- 
oration from its solution in water it forms octoedrai and 
plumose crystals ; but in commerce it usually occurs as pro- 
cured by sublimation, in white cakes, hard, and somewhat 
elastic, and in this compact state it requires for solution 3,25 
parts of water at 60°. 

485. Sal-ammoniac is used in the arts for a variety of pur- 
poses, especially in certain metallurgic operations. It is used 
in tinning, to prevent the oxidation of the surface of copper •, 

.and small quantities are consumed by dyers. Dissolved in 
nitric acid, it forms the aqua regia of commerce, used for dis- 
solving gold, instead of a mixture of nitric and muriatic acids 
(451.) 

486. Native Muriate of A mmonin occurs massive and crys- 

tallized, in the vicinity of volcanoes, and in the cracks and 
pores of lava near their craters. It has thus been found at 
Etna, and at Vesuvius, in the Solfaterra near Naples, and in 
some of the Tuscan Lakes. An efflorescence of native sal-am- 
moniac is sometimes seen upon pit-coal. Its colour varies from 
the admixture of foreign matter, and it is frequently yellow 
from the presence of sulphur. It is said that considerable ^ 
quantities of native sal-ammoniac are also found in the country v . 
of Bucharia, where it occurs with sulphur in rocks of indurated •; 

clay. The ancients, according to Pliny, called this salt ammo* j 

niaCj because it was found near the temple of Jupiter Ammon, 

in Africa. 

487. Hydriodate of Ammonia . — In a former paragraph 
(456) the action of iodine on ammonia has been stated to pro- 
duce a portion of hydriodate of ammonia : this compound may 
be directly formed by mixing equal volumes of hydriodic and 
ammoniacal gases ; or by saturating liquid hydriodic acid by 
carbonate of ammonia; it forms very soluble and deliquescent 
cubic crystals, volatile in close vessels without decomposition. 

— Gay-Lussac, Annates de Chim . xci. | 

488. Ammonia and Nitric Acid — Nitrate of Ammonia 1 
This salt may be procured by the direct union of ammonia with 1 
nitric acid ; or more easily, by saturating dilute nitric acid with 
carbonate of ammonia. It’has been mentioned as the source of 
nitrous oxide, and when heated is entirely resolved into that 
gas and water. * It consists of one proportional of nitric acid 

= 54+ one proportional of ammonia = 17, and therefore the 
representative number of nitrate of ammonia is 71. Or it may 
be considered as containing two proportionals of nitrogen, three . 
of hydrogen, and five of oxygen, as the following symbols 
show : 

* 

* It* specific gravity compared with water, is 1,5785. (Fourcroy.) I 
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Nitrate of Ammonia. 


Nitric Acid. 

54. 


Ammonia. 


17. 


Nitrogen 

14 

Hydrogen 

1 

- 

1 

1 


Nitrogen 

4 

Oxygen 

8 

8. 


8. 

8. 

8. 


'Nitrous oxide consists of 1 proportional of nitrogen = 14 
+ 1 of oxygen =8; hence the 2 proportionals of nitrogen in 
the salt (1 in the acid and 1 in the ammonia) will require 2 of 
oxygen to produce nitrous oxide, and the remaining 3 of oxy- 
gen will unite to the 3 of hydrogen, and form water; and ac- 
cordingly nitrous oxide and water are the only possible results ; 
so that the elements after the decomposition of the salt, are 
arranged thus : 

Two proportionals of Nitrous Oxide. Three proportionals of Water. 


Nitrogen 

14 

Oxygen 

8. 


14 

.8. 



Hydrogen 

1 

Oxygen 


o 

1 

8. 


1 

8. 



489. Nitrate of ammonia has long been known, and was for- 
merly called Nitrum flammans. It differs in form according to 
the manner in which its solution has been evaporated ; if at a 
temperature below 100°, its crystals are six-sided prisms ter- 
minated by six-sided pyramids ; if boiled down, its crystals are 


Digitized by LjOOQle 



140 


ATMOSPHERIC AIR. 


Proportion! 
of water. 


Atmospheric 

air. 


.Properties. 


Barometer. 


thin and fibrous : it is deliquescent, and soluble in twice its 
weight of water at 60°, and in its own weight at 212 °. Its taste 
is acrid and bitter. It contains different proportions of water 
of crystallization ; according to Berzelius, the prismatic variety 
affords 11,232 per cent . (80 Annates de Chimie.) According 
to Davy, the fibrous variety contains 8,2 per cent . ; and the 
compact, obtained by evaporating the solution till it concretes, 
5,7 per cent . of water of crystallization. — Davy’s Researches , 
p. 71. 

490. Atmospheric Air. — The composition of atmospheric air 
has been frequently alluded to in the preceding pages, and as 
the student is now acquainted with its essential component parts, 
namely, oxygen and nitrogen, it may be right to consider its 
properties more at length. 

The atmosphere is a thin, transparent, invisible, and elastic 
fluid, which surrounds our planet and reaches to a considerable 
height above its surface, probably about 45 miles. 

491. That air is a ponderous body, was first suspected by Ga - 
lileo, who found that a copper ball, in which the air had been con- 
densed, weighed heavier than when the air was in its ordinary 
state of tension. The fact was afterwards demonstrated by Tor- 
ricelli, whose attention was drawn to the subject by the attempt 
of a well-digger at Florence, to raise water by a sucking-pump 
to a height exceeding 33 feet. It was then found that the pres- 
sure of the atmosphere, and not nature’s abhorrence of a 
vacuum, was the cause of the ascent of the water in the pump- 
pipe, and that a column of about the height mentioned was 
sufficient to equipoise the atmosphere. 

In 1643, Torricelli filled a glass tube, three feet long and 
closed at one end, with quicksilver, and inverted it in a basin 
of the same fluid ; he found that the mercury (ell about six 
inches, so that the atmosphere appeared capable of counterbal- 
ancing a column of mercury 30 inches in height. The empty 
space, in the upper part of the tube, has hence been called the 
Torricellian vacuum , and is the most perfect that can be 
formed. 

Paschal and Torricelli afterwards observed, that upon ascend- 
ing a mountain, the quicksilver fell in the tube, because there 
was less air above to press upon the surface of the metal in the 
basin ; and thus a method of measuring the heights of moun- 
tains by the barometer , as the instrument is now called, was 
devised. Sir Henry Englefield has constructed a barometer, 
expressly for these investigations, the mode of using which is 
described in the Journal of Science and the Arts 9 Vol. v. 
p. 229. 

The barometer indicates, by its rise and fall, a corresponding 
change in the density of the atmosphere. At the surface of the 
earth the mean density or pressure is considered equal to the 
support of a column of quicksilver 30 inches high. 
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Incbes- 

At 1000 feet above the surface the column falls to 28,91 


2000 . . . 
3000 . . . 
4000 . . . 
5000 . . . 

1 Mile 

2 . . . 

3 . . . 

4 . . . 

5 . . . 
10 . . . 
15 . . . 

# 20 . . . 


27.86 
26,85 

25.87 
24,93 

24.67 
20,29 

16.68 
13,72 
11,28 

4,24 

1,60 

. . 0,95* 


492. The general mechanical properties of the air are best 

illustrated by the air-pump , the construction of which much 
resembles that of the common sucking-pump used for raising 
water, excepting that all the parts are more accurately and 
nicely made, the object being to exhaust the air as completely 
and expeditiously as possible.t . 

493. The specific gravity of atmospheric air, at mean tem- 
perature and pressure, that is, the thermometer being at 60°, 
and the barometer at 30 inches, is, usually considered as = 1. 
It is about 828,59 times as light as its bulk of water, 100 cubical 
inches weighing 30,5 grains. 

494. Atmospheric air has already been stated to consist es- 
sentially of oxygen and nitrogen gases (490) ; but whether it 
should be considered a mere mixture or a chemical compound 
seems a question not easily decided. The former of these gases 
seems to be the only ingredient on which the effects of the air, 
as a chemical agent, depend. Hence combustible bodies burn 
in atmospheric air, only in consequence of the oxygen gas 
which it contains; and when this is exhausted, air is no longer 
capable of supporting combustion. Its analysis is satisfactorily 
demonstrated by the action of heated mercury, but the process 
ip extremely tedious. (See Lavoisier’s Elements , chap, iii.) 
By exposure, during 12 days to mercury heated in a retort, a 
given quantity of atmospheric air was found to be diminished 
in bulk, and to have lost its property of supporting combustion. 
The mercury was changed intd red scaly particles, and it had 
acquired an increase of weight. When these red particles 
were submitted to heat, in a retort, oxygen gas was evolved 
equal in bulk to what the air had lost in the first part of the ex- 
periment. 

495. If a little sulphur or phosphorus be burnt in a jar of 
atmospheric air, instead of oxygen gas (262) the combustion 
will be less vivid, and will cease sooner. The remaining air 
will not support combustion, and will be found to be nitrogen 
gas. 

* See Camb. Mtchanio, page 361. f See Camb. Mechama, page 403. 
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There are various ways of learning the proportion which the 
oxygen bears to the nitrogen ; and as the relative fitness of the 
air for breathing has sometimes been considered as depending 
upon the quantity of oxygen contained in a given volume, the 
instruments used in these experiments have been called eudi- 
ometers. 

496. From facts already stated it is obvious, that if atmospheric 
air, mixed with a certain quantity of hydrogen, be detonated 
by the electric spark (338) the absorption will be propor- 
tionate to the quantity of oxygen present. 

When 100 measures of pure hydrogen are mixed with 100 
of pure oxygen, the diminution of bulk after detonation will 
amount to 150 paris, that is, one volume of oxygen requires 
for its saturation two of hydrogen. If we introduce into the 
graduated detonating tube (fig. 88) 300 measures of CQmmon air, 
and 200 of pure hydrogen, there will remain, after detonation 
305 measures; so that 195 measures will have disappeared, of 
which one-third may be estimated as pure oxygen; hence 300 
parts of air have thus lost 65 of oxygen, or about 21 per 
cent . 

497. The general rule, therefore, for estimating the purity 
of air by hydrogen gas may be stated as follows : — Add to 3 
measures of the air under examination 2 measures of pure 
hydrogen ; detonate ; and, when the vessel has cooled, observe 
the absorption ; divide its amount by 3, and the quotient is the 
quantity of oxygen. 

Upon the same principle, detonation of mixtures of oxygen 
and hydrogen is often resorted to, with a view of ascertaining 
the purity of those gases. Thus, suppose 100 measures of oxy- 
gen, and 300 of hydrogen, to be reduced by detonation to 130, 
the whole diminution will be = 270, which, divided by 3, 
gives 90 for the quantity of oxygen ; so that it contained 10 per 
cent, of some gas, not condensable by detonation with hydro- 
gen. 

To ascertain the purity of hydrogen, it may be detonated 
with excess of pure oxygen. Thus, if we add 100 of pure 
oxygen to 100 of hydrogen, and detonate, there will be a dimi- 
nution equal to two-thirds, or 150 parts if the hydrogen be 
pure. If, however, we suppose 100 of pure oxygen, mixed 
with 100 of hydrogen, to produce, after detonation, a residue 
of 80 measures ; the diminution will then have been only 120 
measures, of which two-thirds, or 80 measures, are hydrogen ; 
so that the inflammable gas will have contained 20 per cent, of 
some other gaseous body, not condensable by detonation with 
hydrogen. 

498. This mode of ascertaining the purity of atmospheric air 
was first resorted to by Volta, and it is susceptible of great accu- 
racy, since pure hydrogen and pure oxygen are easily procured. 
An improved detonating tube for these purposes has been des- 
cribed by M. Gay-Lussac, Annates de Chim. et Phys. IV. 
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188.* Several new Eudiometers have been described by Pro- 
fessor Hare in the American Jour . of Science , Vols. II and X. 

499. Scheele, in his eudiometrical experiments, employed 
mlphuret of potassa , the solution of which rapidly absorbs 
oxygen, as may be shown by agitating it with some atmos- 
pheric air, in a graduated glass tube. Or take two tubes, each 
a few inches long, closed at one end, apd divided into 100 
aliquot parts. Fill the one with atmospherical air, the other 
with oxygen gas, and invert them in two separate cups, filled 
with a solution of sulphuret of potash. The sulphuret will 
ascend gradually within the tube of common air. till, after a 
few days, about four-5ths of its original volume will remain ; 
but, in that containing oxygen, it will ascend much higher, and, 
if the gas be pure, will even absorb the whole. 

The explanation of this fact is, that liquid sulphuret of potash 
has the property of absorbing oxygen, but not nitrogen. It 
therefore acts on atmospheric air, only as long as any oxygen 
gas remains, and may be employed as a means of ascertaining 
the quantity of this gas in the atmosphere at different times and 
at distant places. H. 1. 289. 

500. The best instruments for these experiments are the eu- 
diomelric tubes of Dr Hope (Nicholson’s Journal , Vol. iv.) 

+ In the eudiometer of Dr l? re* the atmospheric air, the most elastic and economical of all spring;*, 
is employed to receive and deaden the recoil. This eudiometer consists of a glass syphon (tig 107), 
having an interior diameter of from 3-lOibs to 4-lOihs of an inch. Its legs are of nearly equal length, 
e*ch being from six to nine inches long. The open extremity is slightly funnel-shaped, the other 
hermetically sealed ; and has inserted near it, by the blow-pipe two platina wires. The outer endi 
of the one wire it iocurvated across, so as nearly to touch the edge of the apcrlure ; that of the other 
ts formed into a little book, to allow a small spherical button to be attached to it when the electrical 
spark is to be transmitted. The two l<*gj of the syphou are from one fourth to one -half inch asunder. 
The scaled leg is graduated by introducing successively equal weights of mercury from a measure 
glass tooe. Seven ounces troy and 66 gnins, occupy the space of a cubic inch ; and 34 1 4 grains 
repr sent part of that volume. The other leg may be graduated also, though this is not 

nee* wry. 

To use this instrument, we first fill the whole syphon with mercury or water ; the open leg is then 
plunged into a pneumatic trough, and any convenient quantity of the gases are introduced from a gl<ss 
measure tube containing them in determinate proportions. Applying the 6oger to the orifice we next 
remove it from the trough, like a simple tube, and by a little dexterity transfer the gas into the sealed 
leg of the Syphon. When we conceive enough hes been passed up, the linger is removed and the 
mercury brought to a level in both legs, either by the addition of a few drops, or by the displacement 
of a portion, by thrusting down into it a small cylinder of wood. We now ascertain, by careful 
inspection, the volume of included gas. Applying the forefinger again to the orifice, so as also to 
touch the end of the platina wire, we then approach the penden: hall or button to the electrical 
machine, and transmit a spark, but a slight push or pressure cn th* tip of the finger is IV It. even 
when the gas is in considerable quantity and of a strongly explosive power. After explosion on 
gradually sliding the finger to one side and admitting th* air, ihe mercurial column in the sealed leg 
will rise more or less above that in the other. The equilibrium is theD restored by adding mercury, 
sHsen we read off, without any reduction, the true resulting volume of g^s. As two inches or more of 
air should always be left between the finger and the mercury, this atmospheric column serves as a 
perfect recoil spring, enabling us to explode very large quantities without danger. 

We may analyze the residual gaseous matter, by introducing, either a liquid or solid rergent. We 
&nt fill die open leg nearly to the brim with quicksilver, and then place over it th*- substance whose 
action on the gas we wish to try. If liquid, it may be passed round into the sealed log among the 
gas; but if solid the gas most be brought round into the opeu leg, its orifice having been previously 
dosed with a cork or stopper. After a proper interval the gas having been transferred b; ck into the 
graduated tube, the change of its volume may be accurately determined. — lire's Diet. 440 — Edin. 
PUL Tr*ns. 1818. 
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and Dr Henry ( Elements , Vol. i. p. 290). The former, fig. 
104, consists of a small bottler, holding about three ounces, into 
which the glass tube a, which holds precisely a cubic inch, 
and is divided into 100 equal parts, is carefully fitted by grind- 
ing. It also has a ground stopper at b. To use it, the phial 
is filled with the solution of the alkaline sulphuret (which is 
best prepared by boiling a mixture of quicklime and sulphur 
with water, filtering the solution, and agitating it for some 
time in a bottle half filled with common air,) and the tube a, 
containing the air to be examined, fitted into its place. After 
inverting and agitating the instrument, the stopper b may be 
opened under water, and the absorption is shown by the rise 
of the fluid in the tube. For the glass bottle Dr Henry sub- 
stituted the elastic gum bottle b , fig. 105, in the neck of which 
a short piece of glass tube is secured, into which the tube a is 
fitted by grinding. 

In the Philosophical Transactions for 1807, Mr Pepys 
has described a modification of this Eudiometer, which may be 
often advantageously employed in delicate experiments, and by 
which an absorption of only ttVt part of the gas under exam- 
ination may be measured. 

501. When nitric oxide gas and atmospheric air are mixed, 
there is a production of nitrous acid, in consequence of the 
union of oxygen with the oxide (430) ; and if the mixture be 
made over water, an absorption, proportional to the quantity of 
nitrous acid formed, ensues. Upon this principle nitric oxide 
may be used in eudiometrical experiments, and, if proper pre- 
cautions be attended to, it furnishes tolerably accurate results. 
Dr Priestley and Mr Cavendish (Phil. Trans. 1783,) availed 
themselves of this mode, and Mr Dalton has offered some 
remarks upon its relative accuracy (Phil. Mag. Vol. xxviii.) 
The most certain results are obtained by adding to 100 parts of 
the atmospheric air, previously introduced into a small beer 
glass, an equal volume of nitric oxide gas. The mixture may 
be gently agitated, and in two or three minutes, carefully de- 
canted into a graduated tube, when it will be found that 84 
measures, have disappeared ; of which one-fourth, or 21 mea- 
sures, are oxygen. 

Sir H. Davy suggested the use of a solution of sulphate of 
iron, impregnated with nitric oxide gas, for the absorption of 
oxygen ; it may be employed in the same way as the alkaline 
sulphuret (500.) 

502. If a stick of phosphorus be confined in a portion of at- 
mospheric air it will slowly absorb the oxygen present. The 
rapid combustion of the same substance may also be conveni- 
ently resorted to. For this purpose a small piece of phospho- 
rus may be introduced into the bulb of the tube a, fig. 106, 
containing a given measure of the air to be examined, cdnfined 
over mercury, which, to prevent loss by expansion, should be 
suffered to oitupy about half the tube, or to stand at b. The 
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phosphorus may then be inflamed in the tube ; and when the 
combustion is over, and the tube cold, the residuary air may 
be transferred for measurement. These eudiometrical methods 
were used by Lavoisier, Berthollet, and Seguin {Annates de ofLavoimer, 
Chimie, tom ix. and xxxiv.) and are both susceptible of accu- *«• 
racy, and a loss of volume = 21 per cent . of the atmospheric 
air will invariably be found to have occurred.* 

50$, By experiments thus conducted, it has been found that 
the composition of the atmosphere is extremely uniform in all 
parts of the world, and at all heights above its surface ; and 
that it consists of, 

Bj Measure. By Weight. 

Oxygen 21 23,3 

Nitrogen 79 76,7 


100 


100,0 


Though these are the essential component parts of atmos- 

E heric air, it contains other substances, which, however, may 
e regarded as adventitious, and the quantity of which is liable 
to vary : of these, carbonic acid and aqueous vapour are th6 
most important and constant. The quantity of the former may Carbonic add 
usually be considered as amounting to less than 1 percent . 10 wr * 

504. The presence of aqueous vapour in the atmosphere is 
shown in a variety of ways, but most easily by exposing to it Waler in air . 
certain deliquescent substances which liquefy and increase in 
weight, in consequence of its absorption ; and as the gases in 
pneral, unless artificially dried, also contain vapour of water, 
it is necessary, in delicate experiments, and in ascertaining their 
specific gravity, to take this ingredient into the account, or to 
separate it by proper means, such as exposure to very deliques- 
cent substances, among which fused chloride of calcium is espe- 
cially useful. 1 


The quantity of water contained in air and gases is subject 
to variation. From the experiments of Saussure and Dalton, 
it appears that 100 cubic inches of atmospheric air at 57°, are 
capable of retaining 0,35 grains of watery vapour ; in this state 
the air may be considered at its maximum of humidity : it 
would also appear that all the gases take up the same quantity 
°i water when under similar circumstances, and that it conse- 
quently depends, not upon the density or composition, but upon 
the bulk of the gaseous fluid. 

We are indebted to Mr Dalton for some valuable information 
respecting the state in which water exists in air ; from which 
it may be concluded that it is in the state of vapour, forming 
»n independent atmosphere, mixed, but not combined with, or 
dissolved in the air. 


* Satt the discovery of Profeseor Daberelner, that platinum sponge causes the union of hydrogen 
^ °*7 S*b gases (336), it has been applied to the purposes of Eudiometry. The finely divided pla- 
being formed into small balls with clay, and parted up into small graduated tubes containing 
the ait to bo etanuned, over mercury. (See, Boston Jour, of Philosophy fcc. Vol. L. p. 548, ii. 280, 
ui. 13.) 

19 
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505. Hygroscopes and Hygrometers are instruments which 
show the presence of water-in the air, its variation in quantity, 
and its actual quantity existing in a given bulk of air at any 
given time. Saussure employs a human hair, which, by its 
dilatations and contractions in moisture and dryness, is made 
to turn an index ; Deluc used a thiro strip of whalebone in the 
same way; Wilson employed a rat’s bladder, which is filled 
with mercury, and tied on a large thermometer tube, and 'by its 
dilatation and contraction causes the mercury to fall and rise in 
the tube, and thus to indicate changes in the moisture of the air. 
Mr Daniel] has constructed a hygrometer, which shows the con- 
stituent temperature of the moisture in the atmosphere, by its 
precipitation upon a cold surface ; comparing this with the tem- 
perature of the atmosphere, the difference furnishes a datum for 
calculating the quantity of vapour in a given quantity of air, 
and affords indications usefully applicable to predicting change 
of weather. See Quarterly Jour . of Science , Vols. viii. ix. x. 


Section III. Sulphur . 

506. Sulphur, or brimstone, is a brittle substance, of a pale 
yellow colour ; insipid and inodorous, but exhaling a peculiar 
smell when heated. Its specific gravity is 1,990.* It becomes 
negatively electrical by heat and by friction. 

Sulphur is principally a mineral product, and occurs crystal- 
lized, its primitive form being a very acute octoedron with an 
oblique base. Its crystals are in a high degree doubly refractive. 

507. When sulphur is heated to about 180°, it volatilizes, 
and its peculiar odour is strong and disagreeable ; at 22 5° it 
liquefies ; between 350° and 400° it becomes viscid, and of a 
deep brown colour; and at about 600° it quickly sublimes. 
When slowly cooled after fusion, it forms a fibrous crystalline 
mass. It suffers no change by exposure to air, and is insoluble 
in water. 

508. Sublimed sulphur, when examined by a microscope ap- 
pears composed of minute crystals ; it is always slightly sour, 
and hence, for some pharmaceutical purposes, is directed to be 
washed in hot water. 

509. Massive sulphur is "chiefly brought to this country from 
Sicily ; it occurs native, and is found associated with sulphate of 
lime, sulphate of strontia, and carbonate of lime. Its colour is 
various shades of yellow, and the transparent crystals are doubly 
refractive ; it is not uncommon among volcanic products. 

510. Roll-sulphur is chiefly obtained from sulphuret of cop- 
per in this country (Eng.); which is roasted and the fumes receiv- 

* Sp. gr. of Mjlphur vapour j J; 1 ”^ “ }. j T. 
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ed into a long ehamber of brick- work, where the sulphur is grad- 
ually deposited : it is then purified by fusion, and cast into 
sticks. In this state, if grasped by the warm hand, it splits with 
a crackling noise. 

511. Though it had already been suspected, (chiefly from the Contain 
experiments of M. Berthollet, jun.) that sulphur contains hydro- h ^ ,d^0 * w, • 
gen, yet the first unequivocal evidence of the fact was fur- 
nished by Sir H. Davy. A bent glass tube, having a platinum 
wire hermetically sealed into its upper extremity, was filled 
with sulphur. The sulphur was melted by heat; and a proper 
connection being made with the Voltaic apparatus of 500 double 
plates, each six inches square and highly charged, a most intense 
action took place. A very brilliant light was emitted ; the sul- 
phur soon entered into ebullition ; elastic matter was evolved in 
great quantities ; and the sulphur, from being a pure yellow, 
became of a dark reddish brown tint. The gas was found to 

be sulphuretted hydrogen, or hydrogen gas holding sulphur in 
solution ; and its quantity, in about two hours, was more than 
five times the volume of the sulphur employed. 

Another proof of the presence of hydrogen in sulphur is de- 
rived from the action of potassium ; for these two bodies com- 
bine with great energy, and evolve sulphuretted hydrogen, with 
intense heat and light. 

Lastly, when dry sulphur is melted in dry oxygen gas, Sir H. 

Davy is of opinion, that, besides sulphuric acid, a portion of 
water is'also formed ; but he is still doubtful whether the hydro- 
gen in sulphur can be considered as any thing more than an 
accidental ingredient. This view of the subject is embraced, 
also, by Berzelius, who found by heating sulphur with oxide of 
lead, that the quantity of water produced is much too minute to 
indicate any definite proportion of hydrogen in sulphur. 

512. Another ingredient of sulphur, it appeared probable from probablyoIy 
the experiments of Sir H. Davy, is oxygen. For potassium, t** 
after being made to act on sulphuretted hydrogen gas, evolved 

less hydrogen from water, than it ought to have done. It has 
since, however, been proved by Gay-Lussac, that, when all 
sources of fallacy are avoided, a given weight of potassium, 
which has been exposed to sulphuretted hydrogen, separates 
exactly the same volume of hydrogen gas from water, as an equal 
weight of recent metal. Potassium, therefore, acquires no oxy- 
gen from the sulphur, which is contained in sulphuretted hy- 
drogen. H. 1. 373. 

513. For some pharmaceutical purposes sulphur is precipi- 
tated from its alkaline solutions, as from sulphuret of potassa by pbur. * 
an acid, and, when washed and dried, is in the form of a yel- 
lowish-grey impalpable powder ; it is the milk of sulphur and 
precipitated sulphur of the Pharmacopoeia . Dr Thomson con- 
siders it as a compound of sulphur and water, — System of 
Chem. Vol. i. 285, 
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ixp. To a portion of water saturated with sulphurous acid gas add 

a little oxide of manganese , a substance that contains much 
oxygen loosely combined, the pungent smell of the water, and 
the other characteristics of sulphurous acid will soon disappear. 
H. 1. 385. 

Union with 523. When sulphurous acid is mixed in equal volume with 
wmoijk ammonia, a yellowish salt is produced, which is a sulphite qf 
ammonia , and which consists of 32 sulphurous acid + 17 am- 
monia. When formed by saturating liquid ammonia with sul- 
phurous acid, it crystallizes in four and six-sided prisms, solu- 
ble in their own weight of water and having an acrid taste. It 
is deliquescent, and becomes a sulphate by exposure to air. 

524. Anhydrous Sulphurous Acidly has been obtained by 
mApburotn' M. Bussy of Paris who has given the following directions for its 
•c»d. preparation. 

525. Equal parts of mercury and sulphuric acid are put into 
235^ a * m *ll matrass, which is connected with a receiver having a 

long tube passing into a small flask. The receiver is to be sur- 
rounded with melting ice, in order to condense the water which 
passes over with the gas. The tube is filled with fragments of 
fused muriate of lime, to absorb any aqueous vapour which may 
not have been condensed in the receiver. The flask should 
also be surrounded with melting ice or a freezing mixture. As 
the acid passes over it is condensed in the flask and appears 
in the liquid state. 

. 526. When obtained in this manner the liquid sulphurous 

** acid has the following properties. It is colourless, transparent, 
of the specific gravity of about 1,45, and it boils at the tempera- 
ture of 14° F. 

527. When poured on the hand it produces a sharp cold, and 
completely evaporates. If poured, drop by drop, into water, at 
the ordinary temperature it occasions a species of effervescence, 
owing to the volatilization of part of the acid, and the surface of 
the water is covered with ice. 

With this acid Mr Bussy has found it easy to freeze mercury. 
The mercury is to be placed in a watch glass on the plate of 
the air pump, and the acid being added the receiver is quickly 
f placed over it and exhausted (140). From 20 to 30 grains of 
mercury and as much acid may be employed. 

Mr Bussy has also succeeded in freezing ether and alcohol ; 
small balls being filled with these liquids, which after being 
surrounded with cotton and moistened with the sulphurous acid, 
were placed under the receiver of the air pump, the acid being 
rapidly evaporated. 

528. It has also been applied to the liquefaction of chlorine 
and several other gases. (See Boston Journal qf Philosophy , 
Vol. ii. 359.) 

soi hone 529. Sulphuric Acid. — This body was formerly obtained by 
•oil ano the distillation of green vitriol, and called oil qf vitriol. It is 
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now procured in this country by burning a mixture of about 8 
parts of sulphur and 1 of nitre in close leaden chambers contain- 
ing water, by which the fumes produced are absorbed, and by 
evaporation the acid is procured in a more concentrated state. 
This improved method of preparing sulphuric acid was invent- 
ed by Dr Roebuck, about the year 1746. — Parkes’s Chemical 
Essays, Vol. ii. — Brande’s Prefatory History of Chemistry, 
Vol. i. p. 36. Sulphuric acid has been known ever since the 
time of Basil Valentine, who appears to have discovered it about 
the close of the 15th century. 

530. Sulphuric acid, as usually met with, is a limpid colour- 
less fluid, having a specific gravity of 1,80 ; it boils at 630°, and 
freezes at 15°, contracting at the same time considerably in its 
dimensions. But the temperature at which the diluted acid 
congeals is singularly modified by the quantity of water which 
it contains. At the specific gravity of 1,78 it freezes at about 
40°; but if the density be either increased or diminished, a 
greater cold is required for its congelation (Keir, Irish Phil . 
Trans . iv. 88.) Its boiling point diminishes with its dilution ; 
acid of the specific gravity of 1,78, boils at 435°, and acid of 
the specific gravity of 1,650 boils at 350°. — Dalton's Chem . 
Phil . ii. 404. 

It is acrid and caustic, and when diluted with water, produces 
a very sour liquid. It rapidly absdrbs water from the atmos- 
phere. When mixed suddenly with water, (42) considerable 
heat is produced. Four parts, by weight, of concentrated sul- 
phuric acid, and one of water, when mixed together, each at 
the temperature of 50° Fahrenheit, have their temperature rais- 
ed to 300°. The greatest elevation of temperature, Dr Ure 
finds to be occasioned by the sudden mixture of 73 parts by 
weight of strong sulphuric acid with 27 of water. This rise of 
temperature takes place because the affinity or capacity of the 
compound of acid and water for caloric, is less than that of the 
acid and water separately. A diminution of bulk also ensues ; 
one measure of acid and one of water not occupying the space 
of two measures, but about ^th less. H. 

531. Even a boiling temperature, when it is concentrated, 
does not prevent its taking up moisture from the air ; hence it 
cannot be concentrated so well in an open as in a close vessel, 
on which account retorts, of glass or platinum, are used for the 
last stage of its concentration by the manufacturers. 

532. It chars animal and vegetable substances, and is apt 
to acquire a brown tinge from any small particles of straw, 
resin, or other matters that may accidentally have fallen in- 
to it 

533. In sulphuric acid 1 proportional of sulphurs 16, is com- 
bined with 3 of oxygen = 24, and, consequently, dry sulphuric 
acid is correctly represented by 16 + 24 = 40; but it only exists, 
in this state (like the nitric and chloric acids) when united with 
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bases, and in its ordinary state contains water, and may, there- 
fore, be called hydrated sulphuric Add. It has been found by 
experiment, that 100 parts of sulphuric acid, specific gravity 
1,85, contain 18,5 of water ; consequently, it may be looked 
upon as composed of 1 sulphur + 3 oxygen + 1 water : 

Or of 16 sulphur 
24 oxygen 
9 water 

49 number for liquid sulphuric acid. 

100 Parts of liquid sulphuric acid, of the specific gravity of 
1,3530, contain 37,5 parts of dry sulphuric acid; or 46 of liquid 
acid, of the specific gravity 1,85. 

The following table exhibits the proportions of the elements 
of sulphuric acid in 100 parts of real acid, deduced from differ- 
ent experiments. 

Sulphur. Oxygsa. 

From the experiments of Berthollet . . 43,28 • . 56,72 

Klaproth . . . 42,20 . . 57,80 

Bucholz ... 42,50 . . 57,50 
Berzelius . . 39,92 . . 60,08 

Proportions admitted by Dr Wollaston . . 40,00 . . 60,00 

H. 1. 381. 


534. The strength of sulphuric acid is best judged of by satur- 
ating a known quantity with an alkali, and it may be assumed 
as sufficiently correct, that 100 grains of dry sub-carbonate of 
soda neutralize 92 grains of pure liquid sulphuric acid ; or that 
100 grains of the acid require 108, or 108,5 of the subcarbonate 
for saturation. H. Mr Dalton has published (New System of 
Chemical Philosophy . Vol. ii. p. 404,) a Table, exhibiting the 
specific gravity and boiling point of the acid of various strengths.* 
See Tables. 


Dr Ure also has given several valuable tables relating to this 
subject, in his Experiments to determine the Law of Pmgr^ a 
sion , followed in the Density of Sulphuric Acid at different 
Degrees of Dilution ( Quarterly Journal of Science and the 
Arts , Vol. iv. p. 114. An extremely useful table of this kind 
will also be found in Mr Parkes’s Essays above quoted (Vol. 
ii. p. 444.) 

535. Sulphurous acid gas is condensed into Sulphuric acid by 
admixture with chlorine gas ; but not unless the gases are in com 
tact with water. In the latter case, the hydrogen of the water 


• Ii is sometimes of importance to the chemical artist to know the proportion not of real acid. bat of 
set d iff eommterc a, in diluted sulphuric acid of different specific gravities. An approximation to the 
true proportion map be obtained, by increasing the numbers indicating the real acid, on fourth. For 
example, acid of the specific gravity 1,200, contains (according to the table of Mr Dalton) 90 per ceat 
of real acid, which increased one fourth, gives 96 per cent, of acid, of sp. gr. 1, 849. H. 
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unites with the chlorine, and the oxygen with the sulphurous 
acid. 

536. Dry nitrous acid gas is also inefficient on dry sulphurous 
acid; but when placed in contact with a small quantity of water, 
all these bodies act mutually and rapidly on each other ; the 
nitrous acid gas yields a portion of its oxygen to the sulphurous 
acid, from whence result nitrous gas and sulphuric acid, which, 
both combining with water, form white flakes upon the inside of 
the balloon. These flakes are majle up of congeries of small 
crystalline needles. Water, brought into contact with these 
crystals, dissolves the sulphuric acid, and the nitrous gas is lib- 
erated with effervescence. By means, therefore, of a small 
quantity of nitrous gas, we may transform a large quantity of 
sulphurous acid into sulphuric acid, provided the acid gas be 
mingled with half its volume of oxygen, or with an equivalent 
quantity of atmospheric air. The phenomena are beautifully 
exhibited by admitting, into an exhausted and dry glass balloon, 
first 30 measures of sulphurous acid, next 15 of oxygen, and 
then 5 of nitrous gas. No perceptible change takes place, till 
a little water is introduced, sufficient to moisten the inside of 
the vessel, when the small quantity of red nitrous acid, formed 
on adding the nitrous gas, disappears, and composes the crys- 
talline substance already described. When those crystals have 
been deposited on the inside of the balloon, and a small quan- 
tity more of water is admitted, there is an immediate effer- 
vescence from the escape of nitrous gas, ivhich, meeting with 
oxygen gas, again becomes nitrous acid, and this, acting upon 
the sulphurous acid, the same combinations ensue as before, and 
may be repealed as long as sufficient sulphurous acid and oxy- 
gen remain. 

537. It is by a series of operations of this kind, that the for- 
mation of sulphuric acid is effected in the ordinary prooess for 
preparing it. The nitric acid, present in the salt-petre, aban- 
dons part of its oxygen to one portion of the sulphur, which, 
becoming sulphuric acid, unites with the potash of the nitre. 
At the same moment nitrous gas is set at liberty, which, with 
the oxygen present in the air of the chamber, composes nitrous 
acid gas. Another portion of sulphur is converted into sul- 
phurous acid, which becomes sulphuric acid by depriving the 
nitrous acid of oxygen, the latter acid being brought back to the 
state of nitrous gas. This gas, absorbing the atmospheric oxy- 
gen, again becomes nitrous acid, which changes a fresh portion 
of sulphurous into sulphuric acid. This theory was first sug- 
gested by M. M. Clement and Desormes. It has since been 
modified by Gay-Lussac, who supposes that nitrous acid, and not 
nitrous gas, is disengaged from nitrate of potash. But even if 
this be admitted, the subsequent steps of the process are still 
explicable on the original theory, which satisfactorily explains 
why so small a proportion of nitre as one eighth is adequate to 
the conversion of sulphur into sulphuric acid, though, capable 
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of supplying only a very small share of the oxygen essential to 
this change.* H. 1. 386. 

* The formation of sulphuric acid by the combustion of sulphur and nitre has been illustrated by 
Mr Brandt* as follows. 



hence every two portions of sulphur, us acid require on* of nitrous acid, which transfers two of oiy- 
gen, and passes back into the state of nitric oxide, sulphuric acid being, at the same time, produced. 
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538. The decomposition of sulphuric acid may be effected by 
passing it through a red-hot platinum tube, when it is resolved 
into sulphurous acid, oxygen and water. 

When heated with charcoal, sulphuric acid gives rise to the 
production of carbonic and sulphurous acids; with phosphorus it 
produces phosphoric and sulphurous acids ; and, with sulphur, 
sulphurous acid is the only product. It is decomposed by 
sereral of the metals, which become oxidized, and evolve sul- 
phurous acid, as shown in the production of this acid, by boiling 
sulphuric acid with mercury (525), tin lead, fyc. 

539. Sulphuric acid is largely consumed in a variety of man- 
ufactures. It is used by the makers of nitric, muriatic, citric, 
and tartaric acids ; by bleachers, dyers, tin-plate makers, brass- 
founders and gilders. For these purposes it is generally suffi- 
ciently pure as it comes from the wholesale manufacturer ; but, 
as traces of lead, lime, and polassa, are usually found in it, it 
often requires to be purified by distillation for the use of the 
experimental chemist. 

The distillation of this acid in glass retorts requires some pre- 
caution, in consequence of the violent jerks which the produc- 
tion of its vapour occasions, and which often break the vessel ; 
this may be prevented by putting some strips of platinum into 
the acid ; it then boils quietly, and it is only necessary to take 
care that the neck of the retort and the receiver are not broken 
in consequence of the hi£h temperature of the condensing acid. 

If the acid of commerce contain dissolved sulphate of lead, it 
becomes turbid on dilution, so that its remaining clear when 
mixed with water, is some proof of its purity, as far at least as 
lead is concerned. 

To purify sulphuric acid, it must be distilled in a glass retort, 
placed in the sand-bed of a reverberatory furnace. This process 
requires considerable care. But to those who have sufficient 
experience in chemical operations, the following instructions 
may be useful ; especially as it is indispensable, in all experi- 
ments of research, to employ an acid purified by distillation. 

The furnace in which this process is conducted, should have 
a contrivance for supporting a sand-bath within it at a proper 
height ; and an opening in the side, for transmitting the neck 
of the retort. The retort must be coated with clay and sand 
over its whole body, and also over that part of the neck which 
is exposed to the fire. It is then to be placed, the coating be- 
ing previously dry, in the sand-bath, about one half filled with 
sulphuric acid; and a receiver must be applied, but not luted 
on. The fire must now be lighted, and raised with extreme 
caution. The first portion that comes over, amounting to about 
one sixth, consists chiefly of water, and may be rejected. This 
is followed by the concentrated acid ; and, at this period, ther* 
is great risk that the neck of the retort will be broken, by the 
contact of the condensed acid, which has a very high tempera- 
ture, and which frequently cracks the glass, as effectually as the 
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application of a red-hot iron. The fire must be regulated by 
the register door of the ash pit, so that several seconds may 
elapse between the fall of the drops into the receiver. The 
process may be continued as long as any acid is condensed. 
The retorts employed for this purpose, should be most atten- 
tively annealed. 

540. The difficulty of rectifying sulphuric acid is much dimin- 
ished by using a retort of the capacity of from two to four quarts, 
when a pint of the acid is employed, and by connecting its neck 
with the receiver by means of an adopter three or four feet 
long. The retort may be set over a charcoal fire, and the flame 
made to play gently on its bottom. No luting is to be employ- 
ed, and the receiver is to be surrounded with cold water. 
With this arrangement, and a cautious regulation of the heat, 
Dr Ure finds that sulphuric acid may be distilled without much 
risk, in a continuous gentle stream. 

541. Sulphuric acid may be less perfectly purified by dilut- 
ing it with an equal weight of water, allowing the impurities 
to settle, decanting the clear liquor and evaporating it to the 
proper degree in a glass retort. H. 1. 379. 

543. When sulphuric acid was procured by the distillation of 
green vitriol, it was frequently observed that a portion con- 
creted into a white mass of radiated crystals. The same sub- 
stance has also been remarked as occasionally formed in the 
acid of the English manufacturers. It has been called glacial 
or fuming sulphuric acid, and is by Dr Thomson considered 
as the pure or anhydrous acid; it appears, however, probable, 
that it consists of sulphuric acid, combined with a portion of 
sulphurous acid. — See Sulphate of Iron. 

543. It has long been an object with the manufacturer to 
obtain sulphuric acid without the aid of nitre, and a patent has 
been obtained for a process of this kind, invented by Mr Hill. 
It consists in submitting coarsely-powdered iron pyrites (sulphu- 
ret of iron,) to a red heat, in cylinders communicating with a 
leaden chamber containing water ; the sulphur, as it burns out 
of the pyrites, appears at once to pass into the state of sulphuric 
acid. 

544. Native Sulphuric Acid has been found by Professor 
Baldassari, in the cavities of a small volcanic hill, called Zoco- 
lino, near Sienna, and by M. Humboldt in the water of the 
river Vinagre in the Andes of Popayan. (See Boston Jour . 
of Philos. Vol. 11 . p. 460). 

545. Of Hypo sulphurous Acid. — This acid exists only 
in combination with salifiable bases, forming compounds 
which were first examined in 1S13 by Gay-Lussac, and were 
called by him sulphuretted sulphites. Besides other methods 
of preparing these salts, he found f hat they might be obtained 
by digesting the solution of a sulphite with sulphur, an addi- 
tional quantity of which might thus be made to combine with 
the sulphurous acid. It had also been long ago observed by 
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Mr Higgins of Dublin, that liquid sulphurous acid dissolves 
iron without effervescence; and Berthollet afterwards showed 
that in this case the iron is oxidized at the expence of the 
sulphurous acid, and that sulphur is disengaged, which im- 
mediately unites with the sulphite of iron, forming a sulphu- 
retted sulphite. Dr Thomson appears to have been the first who 
took a just view of these phenomena. The new compound he 
found to be a neutral salt, containing a peculiar acid of sulphur, 
to which he gave the name of hypo-sulphurous acid , and to 
its compounds that of hyposulphites . These compounds have 
been since examined with great ability by Mr Herschell, who 
has not, however, succeeded completely in his attempt to ex- 
hibit the acid in a separate state ; nor indeed does it appear 
capable of existing permanently when uncombined with a base. 

From the experiments of Dr Thomson and Mr Herschell, it 

may be inferred to be a compound of 1 atom of sulphur + 1 atom Com P° B,tia * 

of oxygen, and its representative number will be 16 + 8 =24. 

546. Hypo-sulphuric Jlcid . — This acid was discovered by 
Welter aird Gay-Lussac. Their process for forming it consists 
in passing a current of sulphurous acid through water, in which 
finely powdered peroxide of manganese is kept mechanically 
suspended. There is immediately produced a perfectly neutral 
solution, consisting of hypo-sulphate and common sulphate of. 
manganese. When the solution is sufficiently concentrated, pure 
barytes is added to the previously heated liquor, and agitated 
along with it, taking care to employ an excess of the earth. All 
the oxide of manganese is thus separated ; and, sulphate of 
barytes being insoluble, the filtered liquor contains only the 
hypo-sulphate of barytes and also the redundant portion of that 
earth. The latter is to be separated by a stream of carbonic 
acid, and subsequent ebullition to expel any excess of carbonic 
acid. The hypo-sulphate is then to be crystallized, dissolved 
in water, and decomposed by just the quantity of sulphuric 
acid, which is required to precipitate the barytes. The filtered 
liquor is to be concentrated, by exposing it under the exhausted 
receiver of an air-pump, along with a vessel of sulphuric acid, 
fill it has attained the density of 1,347. If continued to be 
exposed, it is resolved into sulphurous acid which exhales, and 
sulphuric acid which remains liquid. H. 1. 3S9. 

547. Oxygen gas, atmospheric air, chlorine, concentrated nitric Notacted up- 
acid, and red sulphate of manganese, are all inert on it at com jnby <>*/*'«*. 
mon temperatures. Zinc is dissolved by it, and hydrogen gas 

is disengaged by the decomposition of water, and their remains 
m solution hypo-sulphuric acid combined with oxide of zinc. 

It completely saturates salifiable bases, and affords neutral and 
soluble compounds with barytes, strontites, lime, and protoxide 
of lead ; whereas sulphuric acid yields insoluble compounds 
with all those bases. At common temperatures these salts are 
permanent, but, when heated sulphurous acid escapes, and they 
pass to the state of sulphates, which are still neutral. 
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548. Hypo-sulphuric acid has teen inferred to be composed 
of 100 parts of sulphur +125 oxygen, setting apart that which 
is in the water essential to its existence ; or we may consider it 
as a compound of 100 parts of sulphurous acid + 125 of sulphuric. 
H. 390. 

549. When sulphuric acid is dropped into a concentrated and 
hot solution of iodic acid, a peculiar compound is formed, which 
may be termed iodo-sulphuric acid ; it is yellow, fusible, and 
crystallizes on cooling in rhomboids ; at a higher temperature 
it partly sublimes, and is partly decomposed. Its precise com- 
position is unknown. 

550. Sulphuric Acid and Ammonia — Sulphate of Ammo- 
nia — may be obtained by passing ammonia into sulphuric acid ; 
but it is usually prepared by saturating dilute sulphuric acid 
with carbonate of ammonia , or by decomposing muriate of 
ammonia by sulphuric acid. It is the secret sal-ammoniac of 
some old writers. This salt is important as a source of the mu- 
riate of ammonia, (477) which is obtained by sublimation from 
a mixture of common salt and sulphate of ammonia ; by this 
process sulphate of soda is also formed. 

Sulphate of ammonia dissolves in twice its weight of water 
at 60°, and consists of 1 proportional of sulphuric acid = 40 + 1 
proportional of ammonia =17. Its number, therefore, is 57. 
I3y crystallization it affords six-sided prisms. Its taste is bitter 
and pungent When heated, it melts and in part sublimes, am- 
monia is given off, and a super-sulphate remains, consisting of 
2 proportionals of acid+ 1 of alkali. 

551. Native Sulphate of Ammonia is sometimes found in 
volcanic products; it occurs in stalactilic concretions of a whitish 
or yellowish colour, and covered with a white efflorescence. 

552. Sulphur and Chlorine — Chloride cf Sulphur . — This 
compound was first described by Dr Thomson, in 1804 (Nich- 
olson’s Journal , Vol. vii.) When sulphur is heated in chlo- 
rine, it absorbs rather more than twice its weight of that gas- 
10 grains of sulphur absorb 30 cubic inches of chlorine, and 
produce a greenish-yellow liquid, consisting of 16 sulphur + 
36,0 chlorine, and represented, therefore by the number 52. 
It exhales suffocating and irritating fumes when exposed to the 
air. Its specific gravity is 1.6. It does not affect dry vegeta- 
ble blues ; but when water is present, it instautly reddens them, 
sulphur is deposited and sulphurous, sulphuric, and muriatic 
acids are formed in consequence of a decomposition of the water. 
It dissolves sulphur and phosphorus. 

553. Sulphur and Iodine readily unite and form a black 
crystallizable compound, resembling sulphuret of antimony, first 
described by M Gay-Lussac. — Annates de Chimie . 91. 

554. Sulphur and Hydrogen — Sulphuretted Hydrogen gas 
— Hydrothionic acid. — This gaseous compound of sulphur and 
hydrogen was discovered by Scheele in 1777. It may be 0 
tained by presenting sulphur to nascent hydiogen, which is th e 
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case when sulphuret of iron is acted upon by dilute sulphuric 
acid. 

The sulphuret of iron may be prepared in the following man- Proc „ tfot 
ner. A bar of iron is to be heated to a white or welding heat Staining, 
io a smith’s forge, and, in this state, is to be rubbed with a roll 
of sulphur. The metal and sulphur unite, and form a liquid 
compound, which falls down in drops. These soon congeal ; 
and the compound must be preserved in a well closed phial.* 

A portion of this may be introduced into a retort or gas bottle 
and diluted sulphuric acid poured upon it, as in the process for 
obtaining hydrogen gas (328). 

It may also be conveniently obtained by heating bruised sul- 
phuret of antimony in muriatic acid. To a mixture of powder- 
ed sulphuret of antimony (crude antimony of the shops) with 
5 or 6 times its weight of muriatic acid (sp. gr. 1.160 or there- 
abouts) contained in a retort or gas bottle, apply the heat of a 
lamp. Sulphuretted hydrogen will be disengaged in great abun- 
dance. 


555. Sulphuretted hydrogen gas may be collected over water, Ab*o*ed by 
though, by agitation, that fluid absorbs nearly thrice its bulk; it wmUr * 
should be received into bottles provided with glass stoppers, 

and after filling them entirely with the gas, the stopper should 
be introduced. 

556. Its smell is extremely offensive, resembling that of 
putrefying eggs, or of the washings of a gun barrel, to which Pro 
indeed it imparts their offensive odour. It exists in some min- 
eral waters. 

557. The specific gravity of sulphuretted hydrogen to hydro- 
gen is as 17 to l.t 100 cubic inches weigh 36 grains. It is 
inflammable, and during its slow combustion, sulphur is deposit- 
ed, and water and sulphurous acid formed. It extinguishes 
flame. 

558. It appears to be one of the most unrespirable of all the 
gases, for a small bird died immediately in air containing of 
its volume of sulphuretted hydrogen ; a dog perished in air 
mingled with and a horse in air containing (Thenord, 
i. 723.) 

559. It tarnishes silver, mercury, and other polished metals, 
and instantly blackens white paint and solution of acetate of 
lead. By direct experiments. Dr Henry has found that one 
measure of this gas, mixed with 20.000 measures of hydrogen, or 
of carburetted hydrogen, or common air, produces a sensible 
discoloration of white lead, or of oxide of bismuth, mixed with 
water, and spread upon a piece of card. 

560. Water, saturated with this gas, reddens infusion of vio- HT<!roaif ,. 
lets, in this respect producing the effect of an acid. From this pborieacidof 
and other properties, some of the German chemists have pro- Q *y~ Lm *** a 


•The sulphuret, prepared by melting iron filing* with sulphur in a crucible, doe« not answer the 
pwpsse equally Well, because the gas, which it affords, is mixed with a good deal of hydrogen gas. 
fSp- gr. 1,1806 air = 1, or 1,0625 oxygen = 1, atomic weighi3,125. T. 
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posed for it the name of hydrothionic acid ; and Gay-Lussac 
has given it the very objectionable name of hydro-sulphuric 
acid , a term which would be much more properly applied to 
liquid sulphuric acid. 

Motion/ 561- The aqueous solution of sulphuretted hydrogen is trans- 
°* parent and colourless, but if exposed to air it deposits sulphur 
and the gas escapes. It is an exceedingly delicate test of the 
presence of most of the metals, with which it forms coloured 
precipitates. 

562. Water impregnated with sulphuretted hydrogen, when 
exposed to the atmosphere, becomes covered with a pellicle of 
sulphur. Sulphur is even deposited when the water is kept in 
well-closed bottles. 

• 563. On the addition of a few drops of nitric or nitrous acid 

to the watery solution sulphur is instantly precipitated. In 
this case the oxygen of the acid combines with the hydrogen 
of the gas, and the sulphur is separated. The gas itself, also, 
is decomposed when transmitted through sulphuric, nitric, or 
arsenic acids.* 

Remits of iu 564. W T hen one volume of sulphuretted hydrogen, and 1,5 of 
milhnyttn. oxygen are inflamed in a detonating tube, 1 volume of sulphur- 
ous acid is produced* and water is formed. Thus the sulphur is 
transferred to 1 volume of the oxygen, and the hydrogen to the 
half volume. Sulphuretted hydrogen, therefore, consists of 16 
sulphur -f 1 hydrogen, and its number is 17. Sulphuretted 
hydrogen may also be decomposed by the Voltaic flame* in the 
apparatus shown at fig. 43, or by a succession of electric 
sparks. Its volume is unchanged, but the sulphur is thrown 
down. 

byrhKn^ d 565. Chlorine and iodine instantly decompose sulphuretted 
aud iodine, hydrogen ; sulphur is deposited, and muriatic and hydriodic 
acids are formed. It is also decomposed by the metal potas- 
sium, which absorbs the sulphur and liberates pure hydrogen, 
when heated in the gas. Nitric acid poured into the gas occa- 
sions a deposition of sulphur, and nitrous acid and water are 
formed. 

loflamedby 566. Berzelius has found that when a few drops of fuming 
mine acid. n j tr j c ac jd are p U ^ j n t Q a fl ns k fiu ec | w ith sulphuretted hydrogen, 
the hydrogen is oxidized by the nitric acid, and the sulphur is 
^ disengaged in a solid form. If the flask be closed by the finger, 

1 * so that the gas which becomes heated cannot escape* its temper- 
ature is raised so much as to produce combustion with a beauti- 
ful flame* and a slight detonation which forces the finger from 
the mouth of the flask. This experiment may be made with 
safety in a flask containing four or five cubical inches of gas. 
Decompoud 567. When sulphuretted hydrogen is mixed with its volume 
i&rE? 0 *’ of nitric oxide over mercury, a diminution of bulk ensues, in 
consequence of the production of water ; sulphur is deposited 
and nitrous oxide remains in the vessel. 

* Joam. of Science, fee. u. 152. 
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568. When two volumes of sulphuretted hydrogen are mixed 
in an exhausted balloon with one of sulphurous acid, they mutu- 
ally decompose each other, occasioning the production of water, 
and the deposition of sulphur ; if the gases be perfectly dry, the 
action is slow. 

569. It is decomposed, also, when long kept in a state of 
mixture with atmospheric air, the oxygen of which combines 
with the hydrogen, and forms water, while the sulphur is pre- 
cipitated. 

570. Sulphuretted hydrogen is copiously absorbed by alka- 
lies, and by all the earths excepting alumina and zirconia. This earn*, 
property affords a ready method of ascertaining its purity, for 

if it be agitated with a solution of potash, the unabsorbed resi- 
due will show the amount of the impurity, which is commonly 
hydrogen gas. Its alkaline and earthy combinations are termed 
hydro-sulphur els .. It unites with an equal volume of ammonia- 
cal gas, or, if transmitted through the watery solution of that 
gas, it is rapidly absorbed, and the compound, which is very 
useful as a chemical test, has a yellow colour and a strong smell 
of sulphuretted hydrogen. H. 1. 433. 

571. Sulphuretted hydrogen and ammonia readily unite in H 
equal volumes, and produce hydrosulphur et of ammonia . At rJ 
first white fumes appear, which become yellow, and a yellow nia# 
crystallized compound results, consisting of 17 sulphuretted 
hydrogen, + 17 ammonia. It is of much use as a test for the 
metals, and may be procured by distilling at nearly a red heat, 

a mixture of 6 parts of slacked lime, 2 of muriate of ammonia, 
and 1 of sulphur. 

572. Fig. 108, represents the disposition of the apparatus for 
this experiment : a, a small furnace ; i, a tubulated earthen 
retort containing the above materials ; c, an adapting tube; e, 
a glass balloon for condensing the vapour; /, a receiver; g 9 
a bottle of water, into which the glass tube, issuing from the 
upper part of the receiver, e , is made to dip about half an 
inch. 

The product in the bottle /may be mixed with the water in#, 
and the whole used for washing out the receiver e. In its con- 
centrated stale, this compound exhales white fumes, as was first 
remarked by Boyle, whence it was termed Boyle's Fuming 
Liqtior, or Volatile Liver of Sulphur. It is a deep yellow 
liquid, smelling like a mixture of sulphuretted hydrogen and 
ammonia. 

When kept in common white glass vessels it renders them 
brown or black, in consequence of its action on the oxide of lead 
which the glass contains. 

573. Super-sulphuretted Hydrogen . — This compound was phu ^ u t £J tj- 
discovered by Scheele, and afterwards examined by Berthollet 5ro*«o. 
(Ann. de Chim. tom. xxv.) It is obtained when hydro-sul- 
phuret of potash (formed by boiling the flowers of sulphur with 

liquid potash) is poured, by little and little, into muriatic acid. 

21 
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A very small portion only of gas escapes ; and while the greater 
part of the sulphur separates, one portion of it combines with the 
sulphuretted hydrogen ; assumes the appearance of an oil ; and 
is deposited at the bottom of the vessel. Or, dissolve sulphur 
in a boiling solution of pure potash ; and into a phial containing 
about £d its capacity of muriatic acid, of the specific gravity 
1,07, pour about an equal bulk of the liquid compound. Cork 
the phial, and shake it; the hydroguretted sulphur, gradually 
settles to the bottom in the form of a brown, viscid, semifluid 
mass. Its properties are the following : 

574. Its taste and smell resemble those of putrid eggs, but are 
less offensive. Its precise specific gravity is unknown, but is 
heavier than water, and descends through it. It is inflammable 
and burns in the air with a smell of sulphurous acid. 

If gently heated, sulphuretted hydrogen gas exhales from 
it ; the bi-sulphuret loses its fluidity ; and a residue is left, con- 
sisting merely of sulphur. 

It combines with alkalies and earths; and forms with them 
a class of substances called hydroguretted sulphurets. 

575. It is constituted according to Mr Dalton, of two atoms of 
sulphur = 32, with one atom of hydrogen, and is represented 
by the number 33. It consists per cent, of 


Sulphur 96.75 

Hydrogen * 3.25 


100. H. 1. 435. 

576. Sulphur and Nitrogen do not form any definite com- 
pound, though the nitrogen evolved during the decomposition 
of certain animal substances, often seems to contain sulphur. 

577. Sulphur, in its ordinary state, always contains hydro- 
gen. which it gives off during the action of various bodies for 
which it has a powerful attraction. Thus, if equal weights of 
sulphur and copper or iron-filings be introduced into a retort, 
and heated, a quantity of hydrogen, mixed with sulphuretted 
hydrogen, is evolved at the period of their combination. B. 


Section IV. Phosphorus . 

57?. Phosphorus was discovered about the year 1669, by 
Brandt, an alchemist of Hamburgh, while employed in the re- 
search after the art of converting the baset* metals into gold and 
silver; and afterwards by Kunckel, a German chdmist. But 
the method of preparing it was not publicly divulged by either 
of these persons, and it was not till 1737 that a commission, ap- 
pointed by the French Academy of Sciences, was instructed by 
a stranger in the process. It consisted in evaporating putrid 
urine to dryness, and distilling the residuum at an intense heat 
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in a stone-ware retort. Margraff improved the process by add- 
ing salt of lead to the urine; and in 1769 Gahn, of Sweden, 
haring discovered the phosphoric acid in bones, invented the 
method of preparing phosphorus which is now generally follow- 
ed. H. 1. 358. 

579. Phosphorus is obtained by distilling concrete phospho- 
ric acid with half its weight of charcoal at a red heat. This 
mixture is put into the coated earthen retort, fig. 109 a, placed 
in a small portable furnace b ; the tube of the retort should be 
immersed about half an inch into the basin of water c. A great 
quantity of gas escapes, some of which is spontaneously inflam- 
mable. and when the retort has obtained a bright red Jieat, a 
substance looking like wax, of a reddish colour passes over : 
this, which is impure phosphorus may be rendered pure by 
melting it under warm water, and squeezing it through a piece 
of fine shamois leather: but great care must be taken that none 
adheres to the nails or fingers, which would inflame on taking 
them out of the water, and produce a painful and troublesome 
burn. It is usually formed into sticks, by pouring it, when 
fluid, into a funnel tube under water. 

Phosphorus may also be procured by adding to urine a solu- Another pro. 
tion of lead in nitric acid, which precipitates a phosphate of CCM ‘ 
lead. This, when well washed, dried, and distilled in a stone- 
ware retort, yields phosphorus. Or a solution of phosphate of 
soda (which may be bought at the druggists), mixed with one 
of acetite of lead, in the proportion of one part of the former 
salt to l£,ofthe latter, yields a precipitate of phosphate of lead, 
from which phosphorus may be procured by distillation with 
charcoal, but at considerably more expense. H. 1. 369. 

580. In performing this distillation, a high temperature is 
required, so that the furnace should be sufficiently capacious 
to hold a body of charcoal piled up above the retort, which as 
earthen ware becomes permeable to the vapour of phosphorus at 
* red heat, must he coated with a mixture of slaked lime and 
solution of borax; this mixture may be laid on with a brush, 
in two or thre& successive coats, and forms an excellent vitrifi - 
able lute . 

581. When pure, phosphorus is nearly colourless, semitrans- Properties, 
parent and flexible. Its specific gravity is 1,770. It melts, 

when air is excluded, at 105°. If suddenly cooled after having 
been heated to 140°, it becomes black : but if slowly cooled, 
remains colourless. At 550° it boils, air being excluded, and 
rapidly evaporates. When exposed to air, it exhales luminous 
fumes, having a peculiar alliaceous odour ; it is tasteless and 
insoluble in water, but proves poisonous when taken into the 
stomach. (Orfila, Traitt de Poisons, II., P. ii., p. 186.) 

If a cylinder of phosphorus be introduced into a vessel of Exp . 
oxygen gas, over mercury, at a temperature not exceeding 80° 
Fahrenheit, no perceptible absorption will happen in 24 hours ; Ab*>rbi 
but if, the temperature remaining the same, the pressure be * en ‘ 
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diminished to Jth or ^th that of the atmosphere, the phosphorus 
will be surrounded by white vapours, will become luminous in 
the dark, and will absorb oxygen. Under ordinary pressures, 
a higher temperature is required to produce this effect; but it 
is remarkable, that if the density of the oxygen be reduced in 
the above proportion, by mixing it with azote, hydrogen, or 
carbonic acid, the phosphorus becomes luminous. Hence phos- 
phorus absorbs oxygen from atmospheric air with an extrication 
of light. H. 1.359. 

582. Phosphorus is inflamed by the application of a very 
gentle heat. According to Dr Higgins, a temperature of 60° 
is sufficient to set it on fire, when properly dry. It burns 
when heated to about 148°, (100° Brande) with a very bril- 
liant light, or a white smoke, and a suffocating smell, and may 
even be inflamed in an atmosphere rarefied sixty times. (Van 
Marum.) 

It may be set on fire by friction. Rub a very small bit 
between two pieces of brown paper ; the phosphorus will in- 
flame, and will set the paper on fire also. 

In oxygen gas it burns with a very beautiful light ; (262) and 
also in nitrous oxide, and chlorine gases. The product of the 
rapid combustion of phosphorus in oxygen gas is exclusively 
phosphoric acid. H. 1 . 359. 

In pure nitrogen, phosphorus is not the least luminous at any 
temperature. 

583. If, instead of burning phosphorus with free access of 
air. it is heated in a confined portion of very rare air, it 
enters into less perfect combustion, and three compounds of 
phosphorus with oxygen are the result, each characterized 
by distinct properties. The first is a red solid, less fusible 
than phosphorus ; the second is a white substance, more vola- 
tile than phosphorus; and the third, a white and more fixed 
body. 

584. The red solid consists of a mixture of phosphorus and 
oxide of phosphorus. Oxide of phosphorus is the white sub- 
stance with which phosphorus becomes incrusted- when kept for 
some time in water. It is very inflammable, and less fusible 
and volatile than phosphorus. It is this substance which is 
generally used in the phosphoric match-boxes. To prepare it 
for this purpose, a piece of phosphorus may be put into a small 
phial and melted and stirred about with a hot iron wire so as to 
coat its interior. A portion of the phosphorus is thus oxidized 
by its imperfect combustion, and a small quantity taken out 
upon the end of a brimstone match, instantly inflames upon 
coming into the contact of the air. 

585. Phosphorus is soluble in oils, and communicates to them 
the property of appearing luminous in the dark ; alcohol and 
ether also dissolve it, but more sparingly. This may be shown 
by pouring a small quantity of either of these liquids, in which 
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phosphorus has been dissolved, upon the surface of warm water 
io a dark room. 

586. The only information, which we possess, respecting the 
nature of phosphorus, is derived from the electro-chemical re- 
searches of Sir H. Davy. When acted upon by a battery of 
500 pairs of plates in the same manner as sulphur, gas was pro- 
duced in considerable quantities, and the phosphorus became of 
a deep red-brown colour. The gas proved to be phosphuretted 
hydrogen, and was equal in bulk to about four times the phos- 
phorus employed. Hence hydrogen may possibly be one of its 
components; but no confirmation of the truth of this view is 
derived from the recent experiments of the same philosopher, 
which, indeed, are rather contradictory to it. H. 1. 360. 

587. Phosphorus and Oxygen. — Besides the oxide of phos- 
phorus, which has just been alluded to, there are three acid 
compounds of phosphorus and oxygen, which have been termed 
phosphorous , phosphoric , and hypophosphorus acids. 

588. Phosphorous Acid. — Phosphorous acid cannot, accord- 
ing to Sir H. Davy, be obtained pure by exposing cylinders of 
phosphorus to atmospheric air ; for when thus prepared, it always 
contains phosphoric acid. It can only be obtained in a state of 
purity, first by subliming phosphorus through corrosive subli- 
mate; then mixing the product with water and heating it, till 
it becomes of the consistence of syrup. The liquid obtained is 
composed of pure phosphorous acid and water, which becomes 
solid and crystalline on cooling. It is acid to the taste, reddens 
vegetable blues, and unites with alkalies. 

589. The theory of this process is, that when the compound 
of phosphorus and chlorine, formed in the first operation, is 
brought into contact with water, the water is decomposed ; its 
hydrogen uniting with chlorine composes muriatic acid ; and its 
oxygen combining with phosphorus forms phosphoric acid. 
From this mixture of acids, heat expels the muriatic. 

590. The phosphorous acid exhales a disagreeable fetid odour; 
and yields, when strongly heated, penetrating white vapours. 
When heated in a glass ball, blown at the end of a small tube, 
a gas issues from the orifice of the tube, which inflames on com- 
ing into contact with the atmosphere. Hence it appears to con- 
tain an excess of phosphorus. The residuum in the ball is phos- 
phoric acid. From the experiments of Rose on the phosphoric 
tcid, Gay-Lussac infers that phosphorous acid must consist of 

Phosphorus . . 56,81 . . 100 . . 132 

Oxygen ... 43,19 . . 76 . . 100 


100 

These proportions do not differ materially from those stated 
by Dulong, who makes phosphorous acid to consist of 100 phos- 
phorus -f 74,88 oxygen.* They agree, also, still more nearly, 

* Phil. May. xlviii. 273. 
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with the statement of Berzelius, according to whom this acid 
consists of 

Phosphorus . . . 56,524 .... 100, 

Oxygen .... 43,476 .... 76,92 


100 

Sir H. Davy, however, after a careful investigation of the 
constitution of phosphoric acid, has more lately been led to 
conclude that the oxygen, which it contains, is just one half of 
that existing in phosphoric acid ; or that, in the former, 100 
grains of phosphorus are united with only 67,5 of oxygen. 
Hence 100 grains of phosphorous acid must consist of 


Phosphorus 59,7 

Oxygen 40,3 


100 . 

And phosphorous acid, being probably constituted of 1 atom 
oxygen, -f 1 atom of phosphorus, the weight of the latter atom 
may be inferred to be 11,62, or in round numbers 12. Phos- 
phorous acid, then will be represented by 12 -f 8 = 20. H. 
1. 363. 

591. Phosphoric Acid may be formed by burning phospho- 
rus in excess of oxygen. There is intense heat and light pro- 
duced, and white deliquescent flocculi line the interior of the 
receiver. It is produced in the same way by burning phospho- 
rus under a dry bell-glass in atmospheric air. Phosphoric acid 
may also be obtained by acting upon phosphorus by nitric acid: 
in this case, if the action be at all intense, a portion of ammonia 
is at the same time produced, which is found in the state of 
phosphate of ammonia in solution. About six parts of nitric 
acid, specific gravity 1,4, are introduced into a tubulated retort 
placed in a sand heat, with a tubulated receiver luted on to it, 
the stopper of which should be open. When the acid is warm, 
drop into it gradually one part of phosphorus in small pieces; 
red nitrous vapour is instantly disengaged, and when evolution 
ceases, put the stopper loosely into the receiver, and distil till 
the residue in the retort acquires the consistence of syrup ; 
pour it into a platinum crucible, and give it a dull red heat: it 
is pure phosphoric acid. 

592. The exposure of phosphate of ammonia to a red heat 
in a platinum crucible, also affords very pure phosphoric acid. 

593. For the purpose of procuring phosphorus, phosphoric 
acid is most economically obtained by the decomposition of 
bone earth , which consists chiefly of phosphate of lime. The 
following is the mode of proceeding. 

On 20 pounds of calcined bone, finely powdered, pour 20 
quarts of water, and eight pounds of sulphuric acid, diluted 
with an equal weight of water. Let these materials be stirred 
together, and simmered for about 6 hours. Let the whole be 
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then put into a conical bag ot linen to separate the clear liquor, 
and wash the residuum till the water ceases to taste acid. 
Eraporate the strained liquor, and when reduced to about half 
its bulk, let it cool. A white sediment will form which must 
be allowed to subside; the clear solution must be decanted, and 
boiled to dryness in a glass vessel. A white mass will remain, 
which may be fused in a platinum crucible, and poured out 
into a clean copper dish. A transparent glass is obtained, con- 
sisting of phosphoric acid with some phosphate, and a little 
sulphate of lime. 

594. Phosphoric acid is a deliquescent substance, and when in 
the flocculeot state, as obtained by burning phosphorus under a 
dry bell-glass, it dissolves in water with a hissing noise and 
excites great heat when a small particle is put upon the tongue; 
when fused it has been called glacial phosphoric acid . ft is 
inodorous, very sour, volatile at a bright red heat, but un- 
changed by it. As commonly prepared, it is an unctuous fluid. 
Specific gravity = 2. 

595. The composition of these acids of phosphorus has been 
variously given by different chemists. Dulong investigated 
the composition of phosphoric acid, by finding how much cnlo- 
rine is absorbed by phosphorus previously combined with a 
base. He then deduced the oxygen, from the quantity known 
to be the equivalent of the chlorine, which had disappeared. 
In this way he estimates the composition of phosphoric acid to 
be 

Phosphorus . . . 44,48 . . . 100 

Oxygen .... 55,52 . . . 124,8 


100 , 

If 235 parts of phosphoric acid, as appears from the experi- 
ments of Sir H. Davy,* consist of 100 phosphorus, and 135 
oxygen, 100 grains must contain 


Phosphorus 42,55 

Oxygen 57,45 


100, 

This would very nearly accord with the notion, that phos- 
phoric acid is constituted of one atom of phosphorus, weighing 
12 and two atoms of oxygen = 16, and the weight of the atom 
of phosphoric acid will, therefore, be 28. It appears then, 
that we have three acids with base of phosphorus, which are 
constituted as follows : 

Atoms of Atoms of Weight of 

Phosphorus. Oxygen. atom. 

Hypo-phosphorous acid . 2 + 1 . . 32 

Phosphorous acid . . . 1 + 1 . . 20 

Phosphoric acid . . . 1 + 3 . • 28 

* From late espnrunanU Dr Thomson infers that 100 phosphorus combine with 133} of oxygen to 
form phosphoric acid. (First Principle.) 
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Pecomjoii- 596. When distilled in an earthen retort with half its weight 
of powdered charcoal, glacial phosphoric acid is decomposed ; 
its oxygen uniting with the carbon, forms carbonic acid, and 
phosphorus, in quantity equal to about } of the acid, rises in a 
separate state. This is the usual and best mode of obtaining 
phosphorus H. 1. 368. 

597. When phosphorus is exposed to a moist atmosphere, it 
undergoes ap apparent deliquesence, producing a sour liquid 
composed of phosphorous and phosphoric acids and water. M. 
Dulong has called this phosphatic acid . 

H 7P o|mw 598. Hypophosphorous Add was discovered by M. Dulong, 
I* borous tcid. ^ nnal es dt Chimie et Physique , Vol. ii. p. 141.) It is pre- 
pared as follows: Upon 1 part of phosphure.t qf barium 
pour 4 parts of water, and when the evolution of phosphuretted 
hydrogen gas has ceased, pour the whole upon a filter. To the 
filtered liquid add sulphuric acid as long as any precipitate 
forms ; separate the precipitate, which is a compound of sul- 
phuric acid and baryta, and the clear liquor now contains the 
hypophosphorus acid in solution. * 

When concentrated by evaporation, a sour viscid liquid is 
obtained, incapable of crystallization, and eagerly attractive of 
Oxygen. 

/ 599. The compounds of this new acid with alkaline and 
earthy bases, are remarkable for their extreme solubility. Those 
of barytes, and strontites crystallize with great difficulty. The 
hypo-phosphites of potash, soda, and ammonia, are soluble, in all 
proportions, in highly rectified alcohol. That of potash is even 
more deliquescent than muriate of lime. They absorb oxygen 
slowly from the air, and when heated in a retort give the same 
products as the acid itself. 

In order to ascertain the properties of the elements of this 
acid, Dulong, its discoverer, converted a known quantity of it 
into phosphoric acid by means of chlorine, whence he infers it 
to consist of 

Phosphorus . . . 72,75 .... 100, 

Oxygen .... 27,25 .... 3/, 44 


100 , 

These results are calculated on the supposition that the hypo- 
phosphorous or perphosphorous acid is a binary compound of 
oxygen and phosphorus ; but it is doubtful whether it may not 
be a triple compound of oxygen, phosphorus, and hydrogen, or 
a hydracid ; in which case its proper appellation would be 
hydro-phosphorous add . 

600. In his able investigation of the compounds of phospho- 
rus, Sir H. Davy admits the existence of the new acid of Dulong, 
but deduces different proportions of its elements. The oxygen 
of this acid he infers to be the precise half of that which exists 
in phosphorous acid ; or that 100 of phosphorus are united with 
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33,750 oxygen. But it has been already shown to be probable 
that phosphorous acid is composed of an atom of each of its ele- 
ments, and it may, therefore, be inferred that hypo-phosphorous 
acid is constituted of one atom of oxygen weighing 8, and two 
atoms of phosphorus weighing 12x2=24, and the weight of 
the compound atom may be represented by 32. H. 1. 365. 

601. Phosphate of Ammonia is a common ingredient in the 
urine of carnivorous animals. It may be obtained pure by sat- 
urating phosphoric acid with ammonia; it forms permanent 
octoedral crystals soluble in two parts of water at 68°, and of a 
bitterish saline taste, specific gravity 1,8051. T. 

It consists of 28 acid 

17 ammonia 

45 

This salt is the best source of pure phosphoric acid, for if it 
be exposed to a red heat in a platinum vessel, the ammonia 
evaporates, and the acid is obtained in the form of a transparent 
glass, very deliquescent and pure. The phosphate of ammonia 
for this purpose may be conveniently and economically pre*- 
pared by saturating the impure acid obtained from the bones 
(593) with carbonate of ammonia, filtering and evaporating to 
dryness. 

602. Phosphorus and Chlorine . — These elements unite in 
two proportions forming two definite compounds, the chloride 
and perchloride of phosphorus. 

603. When phosphorus is submitted to the action of chlorine, 
it burns with a pale yellow flame, and produces a white volatile 
compound which attaches itself to the interior of the vessel, and 
which is the perchloride of phosphorus . This substance was 
long mistaken for phosphoric acid, but its easy volatility is alone 
sufficient distinction ; it rises in vapour at 200°. It is fusible 
and crystallizable : and when brought into the contact of water, 
a mutual decomposition is effected, and phosphoric and muri- 
atic acids result When passed through a red-hot porcelain 
tube with oxygen, phosphoric acid is produced and chlorine 
evolved, which shows that oxygen has a stronger attraction for 
phosphorus than chlorine. 

When phosphorus is burned in chlorine, one grain absorbs 8 
cubic inches ; so that the compound formed must be regarded 
as containing 1 proportional of phosphorus, and 2 of chlorine, 
or 12 of phosphorus -f 72 of chlorine, and its number is 84. 

604. With ammonia perchloride of phosphorus forms a sin- 
gular compound, which though consisting of three volatile 
bodies, remains unchanged at a white heat, and is insoluble in 
water. 

605. Chloride of Phosphorus , consisting of 12 phosphorus 
-f 36 chlorine, is procured by distilling a mixture of phospho- 
rus and corrosive sublimate , which is a perchloride of mercu- 
ry. In this experiment calomel , or protochloride of mercury, 

22 
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is formed, and the phosphorus combines with one proportional 
of chlorine. 

606. The chloride of phosphorus, when first obtained, is a 
liquid of a reddish colour: but it soon deposits a portion of 
phosphorus, and becomes limpid and colourless. Its specific 

Properties, gravity is 1,45. Exposed to the air it exhales acid fumes: it 
does not change the colour of dry vegetable blues. Chlorine 
converts it into percbloride. Ammonia separates phosphorus, 
and produces the singular triple compound as before adverted 
to (604.) 

607. Chloride of phosphorus acts upon water with great en- 
ergy, and produces muriatic and phosphorous acids, while the 
perchloride produces muriatic and phosphoric acids : for, as in 

Acuapon perchloride there are two proportionals of chlorine, so in 
acting upon water, two of oxygen must be evolved, which 
uniting to one of phosphorus generate phosphoric acid. The 
chloride of phosphorus on the contrary, containing one propor- 
tional of chlorine, produces muriatic acid and phosphorous 
acid, when it decomposes water, as the following tables show : 


Before decomposition. 

Chloride 
of Pbotp. 

1 Chlorine = 36 ) I 1 Hydrog. 

1 Phoipho. = 12 > I 1 Oxygen 


Water. 



After decomposition. 

Muriatic 

• Acid. 

1 Chlorine = 36 ) I 1 Phospho. = 
1 Hydrog. = 1 $ 07 | 1 Oxygen = 


Phosphorous 

Acid. 

11- 


But the phosphorous acid, thus produced, always contains 
water, which it throws off when heated in ammonia, forming, 
with that alkali, a dry phosphite. This experiment shows that 
the hydrophosphorous acid consists of 2 proportionals of phos- 
phorous acid = 40 + 1 water = 9, its number is therefore, 49. 
union with antf Iodine . — When these substances are 

ioAhw* wl brought together in an exhausted vessel, they act violently, and 
form a reddish compound ; the iodide of phosphorus decom- 
poses water with great energy, and produces phosphorous and 
hydriodic acids (390.) It consists of 12 phosphorous + 125, 
iodine = 137. 

609. Periodide of phosphorus is a black compound, formed 
by heating one part of phosphorus with rather more than 20 
of iodine. It consists according to Dr Thomson, of 1 propor- 
tional of phosphorus + 2 of iodine. It does not decompose 
water. 

610. Phosphorus and Hydrogen . — Phosphuretied Hydro - 
hydrogen!* 1 gen. — Hydroguret of Phosphorus . — When phosphorus is 

presented to nascent hydrogen, two gaseous compounds result. 
The one inflames spontaneously upon the contact of the atmos- 
phere. This may be procured by heating phosphorus in a 
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solution of caustic potassa ; or better, by acting upon phosphu - 
rti of lime by dilute muriatic acid. 

611. In preparing this gas from phosphorus and solution of Melhodofcb _ 
potash, for exhibiting its spontaneous accension, both the body 

and neck of the retort should be entirely filled with the solu- §«£«? hy ’ 
tion, which Dr Coxe of Philadelphia recommends to be almost 
boiling hot. He employs a retort holding from half a pint to 
a pint; and after introducing both the phosphorus and \he 
solution, fixes its neck on an inclined plane formed of a block 
of wood, fig. 110, the upper extremity of which is overhung by 
the body of the retort, while its mouth projects over the lower 
end, and is dipped into a small bowl filled with a hot solution 
of potash, as represented in the figure. The gas, extricated by 
the flame of a lamp, accumulates * and, forcing the alkaline solu- 
tion down the neck, at length escapes, through the hot solution 
in the bowl, into the air, where it inflames. Should the heat 
slacken, and an absorption ensue, nothing passes into the retort 
but the hot solution of alkali from the bowl ; and this, as the 
retort is secured from being displaced, does no harm. In this 
way a torrent of gas may be kept up, as long as there remains 
sufficient of the solution in the retort ; and all danger of break- 
ing the retort is avoided. H. 1. 427. 

612. For obtaining this gas by the second process, Dr Thom- 
son gives the following directions : Fill a small retort with 
water acidulated by muriatic acid, and then throw into it a 
quantity of phosphuret of lime in lumps. Plunge the beak of 
the retort under water, and place over it an inverted jar filled 
with that liquid. Phosphuretted hydrogen gas is extricated in 
considerable quantity, and soon fills the glass jar. Half an 
ounce of phosphuret of lime yields about 70 cubic inches of this 
gas. — Thomson’s System , Vol. i. 272. 

613. This gas is colourless, has a nauseous odour like onions, 
a very bitter taste and inflames when mixed with air, a proper- 
ty which it loses by being kept over water ; water takes up 
two per cent . of this gas, and acquires a bitter taste, and the 
smell of onions. 

614. When bubbles of phosphuretted hydrogen are sent up e*p- 
into a jar of oxygen, they burn with greatly increased splen- 
dour ; in chlorine too they burn with a beautiful pale blue 
light, forming muriatic acid and perch loride of phosphorus. In 

a narrow tube it may be mixed with oxygen without explod- 
ing, in which case it is deprived of its phosphorus without suf- 
fering any change of bulk. It burns when thrown up into 
nitrous oxide. 

615. For our knowledge of the composition of this gas, we Composit5on# 
are chiefly indebted to Dr Thomson, who has shown that the 
hydrogen suffers no change of bulk in uniting to the phospho- 
rus ; so that the difference of weight between this gas and pure 
hydrogen, indicates the weight of phosphorus *, 100 cubic 
inches of phosphuretted hydrogen weigh 27,527 grains *, hence 
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the gas may be regarded as containing one proportional of 
phosphorus and one of hydrogen, or 12 + 1 = 13. Its specific 
gravity is very variable. Sir H. Davy has obtained it, from 
phosphorus and alkaline lixivia, of all specific gravities, from 
,400 to ,700; Mr Dalton states it at ,850, air being 1,000, and 
Dr Thomson at ,902,2. The quantity absorbed by water is 
fixed by the former at its bulk, and by the latter at 
Dr Thomson makes it H. 1 . 428. 

616. When phosphuretted hydrogen is mixed with oxygen, it 
requires a volume and a half of the latter gas for its perfect 
combustion ; and as the hydrogen would require half its volume 
of oxygen for the production of water, the remaining volume 
must unite to the phosphorus to produce phosphoric acid. 

617. Bihydroguret of phosphorus. — Hydrophosphoric Gas. 
— The next compound of phosphorus and hydrogen has been 
called, by Sir H. Davy hydrophosphoric gas . It is procured 
by heating the solid hydrophosphorous acid in a very small re- 
tort. The gas must be collected over mercury, for water ab- 
sorbs one-eighth its volume. Its specific gravity to hydrogen 
is as 14 to 1 , 100 cubical inches weigh 29,645 grains. It is not 
spontaneously inflammable, but explodes when heated with 
oxygen. It inflames spontaneously in chlorine, one volume 
requiring four of chlorine for its perfect combustion. Its smell 
is less disagreeable than the former. It consists of 2 of hydro- 

h r 

gen and 1 of phosphorus 2-f 12 =14 ; but the two volumes of 
hydrogen are condensed into one ; consequently when the gas 
is decomposed, as for instance, by subliming sulphur in it, two 
volumes of sulphuretted hydrogen are formed. 

618. There is not, says Sir H. Davy, in the whole series of 
chemical phenomena a more beautiful illustration of the theory 
of definite proportions, than that offered in the decomposition of 
hydrophosphorous acid into phosphoric acid, and hydrophospho- 
ric gas. Four proportions of the acid contain four proportions 
of phosphorus, and four of oxygen ; two proportions of water 
contain four proportions of hydrogen and two of oxygen (all by 
volume). The six proportions of oxygen unite to three propor- 
tions of phosphorus to form three of phosphoric acid, and the 
four proportions of hydrogen combine with one of phosphorus 
to form one proportion of hydrophosphoric gas ; and there are 
no other products. Elements p. 297. 

619. Phosphorus and Nitrogen produce no definite com- 
pound, though in some cases of animal decomposition the evolv- 
ed nitrogen appears to hold phosphorus in solution. 

620. Phosphorus and Sulphur are capable of combining. 
They may be united by melting them together in a tube ex- 
hausted of air, or under water. In this last case they must be 
used in small quantities ; at the moment of their action, water 
is decomposed, sometimes with explosions. They unite in 
many proportions. The most fusible compound is that of one 
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and i half of sulphur to two of phosphorus. This remains liquid 
at 40° F. When solid, its colour is yellowish-white. It is 
more combustible than phosphorus, and distils undecomposed at 
a strong heat. U. 638. (See, also, Fraday Jour. Roy. Institute 
hr. 361.) 


Section V. Carbon. 

621. The purest form of this elementary substance is the 
diamond, a mineral body first discovered in Asia. Diamonds 
occur in Brazil in crystals in secondary rocks, as several kinds 
of sandstone, consisting of aggregated quartz pebbles. Also in 
strata of ferruginous sand and clay ; and in the loose sand of 
plains and rivers.* The fracture of the diamond is foliated, its 
laminae being parallel to the sides of a regular octoedron. It is 
brittle and very hard. Specific gravity 3,5. The weight and 
value of diamonds is estimated m carats , 150 of which are 
about equal to one ounce troy, or 480 grains.t 

622. The diamond, which Sir I. Newton had sagaciously 
inferred to be a combustible body, from its powers of refracting 
light, was first shown by GuytonJ to contain carbon, and his 
experiments led him to conclude that the diamond is the only 
form of pure carbon ; and that charcoal is a compound of car- 
bon and oxygen, or an oxide of carbon. The experiments of 
Messrs. Allen and Pepys have, however, gone far towards prov- 
ing that the diamond and charcoal, though so widely remote 
from each other in external characters, are, as to their chemical 
nature, identically the same ; and that the difference between 
them, in all probability, results merely from the respective states 
of aggregation of their particles. H. 1. 328. 

623. Another form of carbon is charcoal , the purest variety Charcoal, 
of which is lamp-black. 

Charcoal may be prepared by heating pieces of wood, cover- 
ed with sand, to redness, and keeping them in that state for 
about an hour. They are converted into a black brittle sub- 
stance, which appears to be the same from whatever kind of 
wood it has been procured. 

Common charcoal employed as fuel is usually made of oak, pr^nn* 
chesnut, elm, beech, or ash wood, the white and resinous woods cbarcoal 
being seldom used. Young wood affords a better charcoal than 
large timber, which is also too valuable to be thus employed. 

It is formed into a conical pile, which being covered with earth, 
or day, is suffered to burn with a limited access of atmospheric 
air, by which its complete combustion, or reduction to ashes, is 
prevented. 

Another, and a more perfect mode of preparing charcoal, 
consists in submitting it to a red heat in a kind of distillatory 

•Xoh*s Mtacnlofy, ii. 308. f Jameson'* Mineralogy. i. J Ann. de Chiraie, xxti. 
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apparatus consisting of cast iron cylinders, from which issue one 
or more tubes for the escape of gaseous matters. The makers 
of gunpowder particularly prefer this process. (A plate of this 
apparatus is given by Mr Parkes, in his Chemical Essays.) 

624. Lamp-black is prepared principally by turpentine man- 
ufacturers from refuse and residuary resin, which is burned in 
a furnace, so constructed, that the dense smoke arising from it 
may pass into chambers hung with sacking, where the soot is 
deposited, and from time to time swept off, and sold without 
any further preparation. (Aikin’s Dictionary. Art Char- 
coal.) When lamp-black has been heated red hot in a close 
vessel, it may be considered as very pure carbon. 

625. The quantity of charcoal obtained from different kinds 
of wood is liable to much variation. From 100 parts of the 
following woods, Messrs. Allen and Pepys obtained the annex- 
ed quantities of charcoal. — J?hil. Trans. 1807. 


Beech 15,00 Oak 17,40 

Mahogany .... 15,75 Fir 18,17 

Lignum Vitae . . . 17,25 Bqx 20,25 


626. Charcoal is a black, insoluble, inodorous, insipid, brittle 
substance ; an excellent conductor of electricity, but a bad con- 
ductor of heat ; unchanged by the combined action of air and 
moisture at common temperatures ; and easily combustible in 
oxygen gas. 

627. Professor Silliman first observed, on subjecting cylin- 
drical pieces of charcoal, tapered to a point, to the galvanic 
deflagrator of Dr Hare, (237) when in powerful action, that the 
charcoal point of the positive pole instantly shot out T \th, }th, 
or even | of an inch. The charcoal of the negative pole under- 
went, in the mean time a change precisely the reverse, its point 
disappearing, and a crater-shaped cavity being substituted in its 
stead. By placing a piece of metal at the negative pole in lieu 
of charcoal; it was ascertained by the absence of the usual phe- 
nomena, that the increase, before observed in the charcoal at 
the positive pole, was occasioned by an actual transference of 
charcoal, from the former to the latter. On examining with 
& magnifier the projecting point of the charcoal at the positive 
pole, it was found to have undergone distinct fusion into small 
spheres collected into botryoidal or mamillary concretions. 
The charcoal after being thus fused, is found to have become 
much harder, and to have acquired a great increase of specific 
gravity, sinking readily to the bottom of strong sulphuric acid. 
Its combustibility is so much diminished, that it remains unal- 
tered, when ignited on an iron plate with free access of air ; 
but in a close vessel of oxygen gas, it was found entirely con- 
vertible into carbonic acid by the solar rays concentrated upon 
it by a powerful lens. ( American Journal of Science, v. 108 
—361.) 

628. Charcoal is capable of destroying the smell and taste of 
a variety of vegetable and animal substances. (Lowrrz CrelPs 
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Annals, Vol. ii. p. 165.) The usefof charring piles; of throw- 
ing charcoal into putrid water ; of wrapping it in clothes that 
have acquired a bad smell ; of adding it to port wine, with 
a view of making it tawny ; depends upon the above proper- 
ties. 

629. The charcoal of wood, besides its use as a fuel, is neces- 
sary to the preparation of that kind of iron which is used for 
wire ; to the cementation of steel ; and to the preparation of 
gun-powder. The charcoal prepared from pit-coal, called coke, 
is less pure, and, besides other substances, generally contains 
sulphur, but it has the advantage of being heavier and more 
compact, in consequence of which it is better adapted for burn- 
ing in furnaces in which there is a powerful blast of air. H. 
1. 330. 

630. Newly-made charcoal has the property of absorbing 
certain quantities of the different gases. Upon this subject the 
experiments of M. Theodore de Saussure are the most recent. 
(Thomson’s Annals, Vol. vi.) The charcoal was heated red 
hot, then suffered to cool under mercury, and introduced into 
the gas. The following are the volumes of different gases ab- 
sorbed by a volume of charcoal = 1 . 


Ammonia 90 

Muriatic acid 85 

Sulphurous acid .... 65 

Sulphuretted hydrogen . . 55 

Nitrous oxide . • • • • 40 

Carbonic acid 35 


Bicarburetted hydrogen . 35 
Carbonic oxide .... 9,42 

Oxygen ••••.. 9,25 

Nitrogen ...... 7,5 

Carburetted hydrogen . . 5 
Hydrogen 1,75 


The absorption was always at its maximum at the end of 24 
hours. 

631. The results of these experiments are widely different 
from those of Count Morozzo, {Journal de Physique , 1783) 
and of M. Rouppe Annales de Chimie , Vol. xxxii.) It would 
also appear, that this property depends upon the mechanical 
texture of the charcoal, and consequently will vary in the 
different woods ; for by exposing the charcoal of different 
woods to air, Allen and Pepys found that they increased very 
deflerently in weight. 

By a week’s exposure, Charcoal from 


Lignum Vitae gained •...«.•• 9,6 per cent. 

Fir 13.0 ditto 

Box 14,0 ditto 

Beech • •••••••••••• 16,3 ditto 

Oak 16,5 ditto 

Mahogany . . • . 18,0 ditto 


The matter absorbed in these cases consisted principally of 
aqueous vapour, which is very greedily imbibed by newly-made 
charcoal. 

632. Carbon and Oxygen . — There are two compounds of 
carbon and oxygen ; the carbonic oxide and the carbonic acid. 

633. Carbonic Oxide is usually obtained by subjecting car- 
bonic acid to the action of substances which abstract a portion 


\ 

Union with 
oxygen. 

Carbonic 

oxide. 
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of its oxygetf. Upon this principle, carbonic oxide gas is pro- 
duced by heating in an iron retort a mixture of chalk and char- 
coal ; or of equal weights of chalk and iron or zinc filings. It 
is also obtained by the distillation of the white oxide of zinc 
with one-eighth of its weight of charcoal, in an earthen or glass 
retort; from the scales which fly from iron in forging, mixed 
with a similar proportion of charcoal ; from the oxides of lead, 
manganese, or, indeed, of almost every imperfect metal, when 
heated in contact with powdered charcoal. It may also be ob- 
tained from the substance which remains after preparing acetic 
acid from acetate of copper. But the mixture that affords it 
most pure, is equal parts of carbonate of baryta and clean iron 
filings ; these should be introduced into a small earthen retort, 
so as nearly to fill it, and exposed to a red heat : the first por- 
tion of gas being rejected as mixed with the air of the retort, 
it may afterwards be collected quite pure./ 

It may also be obtained by transmitting carbonic acid gas 
over charcoal ignited in a porcelain tube. The acid gas com- 
bines with an additional dose of charcoal ; loses its acid proper- 
ties ; and is converted into the carbonous oxide. An ingenious 
apparatus, contrived by M. Baruel, and extremely useful for 
this and similar purposes is represented by fig. 111. A is the 
bottle from which the carbonic acid gas is extricated ; C, a tube 
nearly filled with pieces of muriate of lime to attract mois- 
ture ; F, a reverberatory furnace in which three gun barrels x 
x' a f are placed, containing the charcoal, and communicating 
with each other by glass tubes d d ; m , the tube that conveys 
the carbonic acid gas into the first gun barrel x ; lastly, 1 1, the 
bent tube by which the carbonic oxide produced, passes. The 
last product of the distillation is the purest, but still contains 
carbonic acid, which must be separated by washing the gas with 
lime liquor. 

634. The nature of this gas was first made known by Mr 
Cruickshanks, of Woolwich, in 1802 (Nicholson’s 4to Jour- 
nal , v.); and about the same time it was examined by Messrs. 
Clement and Desormes. Jlnnales de Chimie , xxxix. 

635. Its specific gravity to hydrogen is as 14 to 1 ; 100 cubir 
cal inches weighing 29,63 grains*. It extinguishes flame, and 
burns with a pale blue lambent light, when mixed with, or ex- 
posed to atmospheric air. The temperature of an iron wire 
heated to dull redness was found by Sir H. Davy sufficient tc 
kindle it. A mixture of two measures with one of common aii 
may, be exploded by a lighted taper, or even by red-hot iron oi 
charcoal. H. 347. 

636. It is extremely noxious to animals ; and fatal to them ii 
confined in it. When respired for a few minutes, it produces 
giddiness and fainting.t 

* 39,6687. It* specific gravity air = 1 is 0,9723 

oxygen a: 1 0,875. T. 

fSee Phil. Mag. si. Hi 367. 
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637. When a stream of carbonic oxide is burnt under a dry 
bell-glass of air or oxygen, no moisture whatever is deposited, 
showing, that it contains no hydrogen. 

638. When two volumes of carbonic oxide, and one of oxy- Detonate 
gen, are acted on by the electric spark, a detonation ensues, and wi ^ 0 w n - 
two volumes of carbonic acid are produced. Whence it appears, 

that carbonic acid contains just twice as much oxygen as car- 
bonic oxide, which may be considered as a compound of one 
volume of oxygen and one volume of gaseous carbon ; or of one 
proportional of carbon and one of oxygen, the latter being so 
expanded as to occupy two volumes. * 

639. Carbonic oxide suffers no change by being passed and 
repassed through a red-hot porcelain tube ; nor is it decomposed 
at high temperatures by phosphorus, sulphur, nor even, accord- 
ing to the experiments of Saussure, by hydrogen. {Journal 
de Physique, Iv.) But when previously mingled with an equal 
bulk of hydrogen gas, and passed through an ignited tube, the 
tube becomes lined with charcoal. In this temperature, the 
hydrogen attracts oxygen more strongly than it is retained by 
the charcoal, and water is formed. It was found, also, by Gay- 
Lussac, to be decomposed by the action of potassium, which 
combines with the oxygen and precipitates charcoal. U. 1. 

347. 

640. None of the metals exert any action upon this gas, ex- Decoopowd 

cept potassium and sodium, which at a red heat, burn in it by b y pouumuhi 
abstracting its oxygen, and carbon is deposited. *° dlu,n * 

641. According to Mr Cruickshank, it contains percent, about 
70 oxygen, and 30 carbon by weight : or the former is to the 
latter as 21 to 8,6, or as 21 to 9. Gay-Lussac however, makes 
it to consist of 43 charcoal and 57 oxygen ; Berzelius of 44,28 
charcoal and 55,72 oxygen, proportions which agree within a 
small fraction with those of Clement and Desormes. It con- 
tains, therefore, just half the oxygen that exists in carbonic acid, 
and it is constituted of one atom of charcoal and one atom of 
oxygen, and weighs, according to Mr Dalton, 7 +5,4 = 12,4, 
or, by the corrected numbers 8 + 6 = 14. 

On the theory of volumes it consists of 1 vol. of oxygen + 1 
vol. of gaseous carbon, the oxygen being in such a state of 
expansion as to occupy the space of two’ volumes. H. 1. 348. 

642. Chloro-carbonic Acid — Phosgene gas. — When equal Chloro _ c ^_ 
volumes of chlorine and carbonic oxide gases, both previously boaic acid, 
dried by fused chloyde of calcium, are introduced into a flask 

which has been exhausted of air, and are then exposed to bright 
sunshine for a quarter of an hour, combination takes place, the 
colour of the chlorine disappears, and the constituent gases are 
condensed into half their united volumes. Hence its specific 
gravity must be equal to the specific gravity of chlorine 2,5 + 
that of carbonic oxide 0,9722 = 3,4722, and 100 cubic inches 
toust weigh 105,9 grains.* Being produced by the agency of 

* 105,9030. Sp. gr. 3,135 oxygen 1. T. 

23 
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light, it was called by Dr J. Davy phosgene gas f but as it 
exhibits distinctly acid properties, it has since been better term- 
ed chloro-carbonic add . It is constituted of an atom of carbon, 
an atom of oxygen, and an atom of chlorine. Its equivalent, 
therefore, is 14 -f 36 = 50. H. 2. 665. 

It has a peculiar pungent odour and excites a copious flow of 
tears. It is soluble in water, and is resolved into carbonic and 
muriatic acid gases. The weight of chloro-carbonic acid to 
hydrogen is as 50 to I. It condenses four times its volume of 
ammoniacal gas, producing a white neutral salt from which the 
more powerful acids disengage muriatic and carbonic acids, but 
acetic acid dissolves it without effervescence. Several of the 
metals decompose it, and unite with the chlorine, evolving car- 
bonic oxide equivalent in volume to the original gas. 

Chloro-carbonic gas affords then an example of an acid with a 
simple base, and two acidifying principles, oxygen and chlorine, 
which are not often united in the performance of this function. 
H. 2 . 665. 

643. Carbonic Add Gas may be obtained by burning carbon, 
either pure charcoal or the diamond, in oxygen gas. 

644. It is not evident to whom the combustibility of the 
diamond first occurred; but in the year 1694 the Florentine 
Academicians proved its destructibility by heat by means of a 
burning lens. The products of its combustion were first ex- 
amined by Lavoisier in 1772, and subsequently with more pre- 
cision by Guyton Morveau, in 1785. (Annates de Chimie 9 xxx i.) 
In 1797, Mr Tennant demonstrated the important fact, that when 
equal weights of diamond and pure charcoal were submitted to 
the action of red hot nitre, the results were in both cases the 
same ; and in 1807 the combustion of the diamond in pure oxy- 
gen was found by Messrs Allen and Pepys to be attended with 
precisely the same results as the combustion of pure charcoal. 
Hence the inevitable inference that charcoal and the diamond 
are similar substances in their chemical nature, differing only in 
mechanical texture.* 

* The apparatus fig. 1 10 m ay be conveniently employed for exhibiting the results of the eosnbustiou 
of the diamond. It consists of a glass globe, of the capacity of about 140 cubical inches, furnished 
with a cap, having a large aperture ; the stop-cock, which screws into this cap, has a jet, n, rising 
from it, nearly into the centre of the globe ; this is destined to convey a small stream of hydrogen, or 
other inflammable gas. Two wires, e c, terminate at a very little distance from each other, just above 
this jet, and are intended to inflame the stream of hydrogen by electrical sparks; one of them com- 
mences from the side of the jet, the other is enclosed and insulated nea^y in its whole length in a 
glass tube : the tube and wire pass through the upper part of the sti^cock, and the wire terminates 
on tbe outside in a ball or ring, d, at which sparks are to be taken from the machine, either directly 
or by a chain. On the end of the jet is fixed, by a little socket, a small capsule, b, made of platinum 
foil. This capsule is pierced full of small holes, and serves as a grate to bold the diamonds. Its 
distance is about three-quarters of an inch from the end of tbe jet ; and the arm, by which it is supported, 
is bent round, so that the stream of hydrogen shall not play against it. The stop-cock screws, by its 
lower termination, on to a small pillar, fixed on a stand, and at the side of this pillaris an ap e rtur e by 
which a bladder filled with gas may be connected with the apparatus. 

On using the appsuxtus, the diamond is to be placed in the capsule ; and then tbe globe being 
screwed on to the stop-cock, the latter is to be removed from the pillar and placed on the air-pomp ; tba 
globe is then to be exhausted, and afterwards filled with pore oxygen : or, lest tbe strew of oxygen 
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645. Messrs Allen and Pepys collected the product of the Alien nod 
combustion of charcoal and of the diamond, by means of the JiSSl! ,p * 
apparatus represented by fig. 111. (Phil. Trans . 1807.) a a 

are mercurial gasometers, one of which is filled with pure oxy- 
gen gas. The brass tubes b b 9 properly supplied with stop- 
cocks, issue from the gasometers, and are connected with the 
platinum tube c c, which passes through the small furnace d. e 
is a glass tube passing into the mercurio-pneumatic apparatus 
by which the gas may be drawn out of the gasometers into con- 
venient receivers. A given weight of diamond is introduced 
into the centre of the platinum tube, which is then heated to 
bright redness, and the gas passed over it, backwards and for- 
wards, by alternately compressing the gasometers. Carbonic 
acid is soon formed, and it will be found that the increase of 
weight sustained by the oxygen is equivalent to that lost by the 
diamond ; that the oxygen undergoes no change of bulk ; and 
that the results are, in all respects, similar to those obtained by 
a similar combustion of perfectly pure charcoal. 

646. From the quantity of charcoal or diamond consumed in 
the experiments of Allen and Pepys, and the quantity of oxygen 
converted into carbonic acid, it is easy to infer the proportion of 
carbon and oxygen in the new compound. Reducing these to Resniu. 
centesimal proportion, for every 28 or 29 grains of the combus- 
tible base which disappeared, 100 grains of carbonic acid (= 
about 201 cubic inches) were generated ; and it is remarkable 

that these proportions agree exactly with those originally slated 
by Lavoisier. The same quantity of carbonic acid resulted, 
also, from the combustion of between 28 and 29 grains' of dia- 
mond. Hence it may be inferred, that the actusu quantity of 
carbon in equal weights of diamond and charcoal is very nearly 
the same ; and that charcoal is not, as has hitherto been suppos- 
ed, an oxide of carbon ; their only difference consisting in the 
presence of hydrogen in charcoal, in so small proportion as not 
materially to diminish the quantity of carbonic acid produced 
by its combustion. If this inference required confirmation, it 
is furnished by its agreement with Mr Tennant’s experiments 
on the combustion of the diamond, published in 1797. Two 
gmins and a half of diamond, (this philosopher found), when 
consumed in a tube of gold by means of nitre, give nine grains 
of carbonic acid, which, in 100 parts, should contain, therefore, 
as nearly as possible, 28 parts of diamond or carbon. The mean 

ia entering should blow away the diamond, the globe maybe Ailed with the gas first, and then, dexUr- 
owly taking oat the stop-cock for a short time, the diamonds maybe introduced and the stop-cock 
replaced. The apparatus b then to be fixed on the pillar, and a bladder of hydrogen gas attached to 
the aperture. Now, passing a carrent pf spark* between the wires, a small stream of hydrogen is to 
be thrown in, which inflaming, immediately heats the capsule and diamonds white hot ; the diamonds 
*ill then enter into combustion, and the hydrogen may be immediately turned off and the bladder 
detached. The diamonds will continue to burn, producing a strong white beat, until so far reduced in 
■be as to be cooled too low by the platinum with which they lie in contact. 
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of Carbonic 
acid. 


Proofs from 
analysis. 


of a number of Messrs Allen and Pepys experiments give the 
following statement of the composition of carbonic acid : 


Carbon 28,60 ..... 100 

Oxygen 71,40 250 


100 . 

647. Mr Dalton assumes the composition of carbonic acid to 
be in round numbers, 28 of charcoal and 72 of oxygen ; from 
whence he deduces the weight of the atom of charcoal to be-5,4. 
But if the atom of oxygen weigh 8, and if the proportions just 
assigned be correct, the atom of charcoal will weigh 6, and that 
of carbonic acid (considering it as a ternary compound of two 
atoms of oxygen and one of charcoal) will be 16 + 6 = 22. On 
the theory of volumes its constitution has heen stated by Gay- 
Lussac to be 1 volume of gaseous carbon + 1 volume of oxy- 
gen, condensed into the space of 1 volume, and the density of 
the vapour of charcoal has been estimated to be equal to the 
density of carbonic acid, less that of oxygen gas, or to 1,5245 
— 1,1025 =0,422.* 

648. When two volumes of carbonic oxide are converted into 
carbonic acid, we add a volume of oxygen equal to that already 
existing in two measures of the former gas viz . one volume, 
and obtain two volumes of carbonic s^cid, which gas may there- 
fore be considered, under this aspect, as constituted of one volume 
of oxygen + half a volume of carbonic oxide condensed into one 
volume. This view of the constitution of carbonic acid and 
carbonic oxide rests, however, it is evident, upon the presump- 
tion that the general law, deduced by the last mentioned phi- 
losopher from a variety of other cases, applies in this instance ; 
viz. that gaseous compounds either contain equal volumes of 
their elements . or that if either exceed , the excess is by some 
simple multiple of the smaller volumeA 

649. In addition to the proofs of the constitution of carbonic 
acid derived from its synthesis, we have also the evidence of its 
analysis, which may be effected by several processes. 

* Sp. gr. of Carbon vapour .... 0,376 ) 

" “ ** Carbonic acid .... 1,375 v Oxygen = 1. 

Atomic weight of ditto 2,75 ) 

Weight of 100 cubic inches .... 40,6972. T. 

f According to Professor Brande 100 cubic inches of oxygen weigh 33,88 grains; 100 cubic inches 
of carbonic acid weigh 40,67 grains, or just 22 times as heavy as hydrogen, hence 100 cubical inches 
of carbonic acid must consist of 33,88 grains of oxygen *4-2,70 grains of carbon, and 12,7 : 33,00 : 

8 : 10. Hence 1 proportional of charcoal = 6 -f- 2 proportionals of oxygen c 16 will constitute 
carbonic acid, represented by the number 22, or by the following symbol. 


Carbon vapour. 

Oxygen. 

6 

8 -f- 8 =16 


Carbonic acid. 

us 22. 
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1. By passing a succession of electrical discharges through a 
quantity of carbonic acid gas confined over mercury, Dr Henry 
has found that the gas is separated into oxygen, and carbonic 
oxide. When the carbonic acid, which escapes decomposition, 
has been washed out by a solution of potash, an electric spark 
inflames the residuary mixture ; the oxygen and carbonic oxide 
again uniting, and re-composing carbonic acid.* 

2. When a mixture of carbonic acid and hydrogen gases is 
electrified, the hydrogen combines with part of the oxygen of 
the -acid, and reduces it to the state of carbonic acid. The same 
products are obtained, by transmitting a mixture of two parts 
of hydrogen gas and one of carbonic acid through a glazed 
porcelain tube strongly ignited. The hydrogen, uniting with a 
part of the carbonic acid, brings the latter to the state of car- 
bonic oxide, at the same time that water is formed. H. 1. 338. 

650. It may also be analyzed by the action of the metal potas- 
sium, which is capable of abstracting its oxygen, and, with 
the aid of heat, burns in it with great splendour ; charcoal is 
deposited, and an oxide of potassium is formed. In this and 
in some other cases, oxygen is seen alternately producing acid 
and alkali. If carbonic acid, obtained by burning the diamond 
in oxygen, be thus decomposed by potassium, the carbon makes 
its appearance in the form of charcoal, equal in weight to the 
diamond consumed. 

651. Carbonic acid is a most abundant natural product ; the 
best mode of procuring it for experiment consists in acting upon 
marble (carbonate of lime) by dilute muriatic acid. 

For this purpose the marble, in small fragments, is introduced M etho«iofob- 
into the two-necked bottle a, fig. 112, and covered with water; 
muriatic acid is then slowly poured down the funnel b, which oluca 
causes an immediate effervescence, and the gas passes through 
the bent tube c, into the inverted jar d . When the action 
ceases, it may be renewed by the addition of fresh acid, until 
the whole of the marble is dissolved. 

As carbonic acid gas is heavier than atmospheric air it may 
also be obtained by means of the apparatus fig. 113, a is a long 
glass tube proceeding from the bottle containing the marble and 
acid, and passing down to the bottom of the jar b, which stands 
with its mouth uppermost. The carbonic acid will expel the 
common* air from the jar. 

652. Carbonic acid may be collected over water, but must be 
preserved in vessels with glass-stoppers, since water, at common 
temperature and pressure, takes up its ow4i volume. 

Fill partly a jar with this gas, and let it stand a few hours Eip . 
over water. An absorption will gradually go on, till at last 
none will remain. This absorption is infinitely quicker when 
agitation is used. Repeat the above experiment, with this differ- 
ence, that the jar must be shaken strongly. A very rapid dimi- 
nution will now take place. In this manner, water may be 

* PhU. Tran*. 1809, 448. 
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freezing. 

Exp. 


Fatal to aai- 
mals. 


Exp. 


Does not tup- 



charged with rather more than its own bulk of carbonic acid 
gas; and it acquires, when thus saturated, a very brisk and 
pleasant taste. 

653. The effervescent quality of many mineral waters i& re- 
ferable to the presence of this gas, and they are often imitated 
by condensing carbonic acid into water, either by a condensing 
pump, of which a description is given in Mr Pepys (Quarter- 
ly Journal of Science and the Jlrts, Vol. iv. p. 305) or by a 
Nooth’s apparatus, as represented in fig. 114. It consists of 
three vessels, the lpwest, a, flat and broad, so as to form a 
steady support ; it contains the materials for evolving the gas, 
such as pieces of marble and dilute muriatic acid, of which 
fresh supplies may occasionally be introduced through the stop- 
ped aperture. The gas passes through the tube 5, in which is 
a glass valve opening upwards, into the vessel c, containing the 
water or solution intended to be saturated with the gas, and 
which may occasionally be drawn off by the glass stop-cock. 
Into this dips the tube of the uppermost vessel d y which occa- 
sions some pressure on the gas in c, and also produces a circula- 
tion and agitation of the water. At the top of d is a heavy 
conical stopper, which acts as an occasional valve, and keeps up 
a degree of pressure in the vessels. 

Under a pressure of two atmospheres water dissolves twice its 
volume of this gas, and so on. It thus becomes brisk and tart, 
and reddens delicate vegetable blues. By freezing, boiling or 
exposure to the vacuum of the air-pump, the gas is given on. 

Place a tumbler of water which has been impregnated with 
this gas (the soda water of the shops, for example) under the 
receiver of the air-pump, and exhaust it; the gas will escape so 
rapidly as to present the appearance of ebullition ; and will be 
much more remarkable than the discharge of air from another 
vessel of common spring water, confined at the same time under 
the receiver. 

654. If the impregnated water be rapidly congealed, by sur- 
rounding it with a mixture of snow and salt, the frozen water 
has more the appearance of snow than of ice, its bulk being 
prodigiously increased by the immense number of air bubbles. 
When water, thus congealed, is liquefied again, it is found, by 
its taste, and other properties, to have lost nearly the whole of 
its carbonic acid. 

655. Carbonic acid gas is unrespirable, and is fatal to animals. 
Put a mouse or other small animal into a vessel of the gas, and 
cover the vessel to prevent the contact of common air. The 
animal will die in the course of a minute or two. By means of 
this gas, butterflies, and other insects, the colours of which it is 
desirable to preserve, for the purpose of cabinet specimens, 
may be suffocated better than by the conmon mode of killing 
them by the fumes of sulphur. H. 

656. It extinguishes flame. This may be shown by setting a 
vessel filled with the gas, with its mouth upwards, and letting 
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down a lighted candle. The candle will be instantly extin- 
guished. 

The experiment may be varied by placing near the vessel 
containing the carbonic acid gas, a similar one filled with oxygen Esp> 
gas, and if the candle after being extinguished by the carbonic 
acid be speedily immersed in the oxygen gas it will be re-light- 
ed, and this may be repeated as long as the gases remain in the 
vessels. 

657. Carbonic acid gas is heavier than atmospheric air, and Heavier than 
may be poured from one vessel into another like water. Place 

a lighted taper at the bottom of a tall glass jar, and pour the gas 
oat of a bottle into it ; it descends and extinguishes the flame, e* p . 
and will remain a long time in the lower part of the jar. 

Hence in wells and in some caverns, carbonic acid gas frequent- 
ly occupies the lower parts, while the upper parts are free from 
it Hence also the precaution used by the sinkers of wells, of 
letting down a candle before they venture to descend in per- 
son. The miners call it choak damp . 

658. When combined with water this gas reddens vegetable Pogaww , 
colours. This may be shown by dipping into water, thus im- «*idp»op»r- 
pregnated, a bit of litmus paper, or by mixing, with a portion * 

of it about an equal bulk of the infusion of litmus. This fact 
establishes the title of the gas to be ranked among acids. 

When an infusion of litmus which has been thus reddened, is 
either heated, or exposed to the air, its blue colour is restored, Kapi 
in consequence of the escape of the carbonic acid. This is a 
marked ground of distinction from most other acids, the effect of 
which is permanent, even after boiling. 

Carbonic acid gas precipitates lime-water — this character of Test of it» 
the gas is necessary to be known, because it affords a ready test preseocs * 
of the presence of carbonic acid, whenever it is suspected. Pass 
the gas as it proceeds from the materials, through a portion of 
lime water. This, though perfectly transparent before, will 
instantly grow milky : Or, mix equal measures of water saturated 
with carbonic acid, and lime water. The same precipitation 
will ensue. By means of lime-water, the whole of any quanti- 
ty of carbonic acid, existing in a mixture of gases, cannot, how- 
ever be removed, as Saussure, jun. has shown ; but recourse 
must be had in order to effect an entire absorption, to a solu- 
tion of caustic potash or soda.* 

As all common combustibles, such as coal, wood, oil, wax, A^d»ct© f 
tallow, & c. contain carbon as one of their component parts, so co “ “* 
the combustion of these bodies is always attended by the pro- 
duction of carbonic acid. 1. Let the chimney of a portable e* p . 
furnace, in which charcoal is burning, terminate, at a distance 
sufficiently remote to allow of its being kept cool, in the bottom 
of a barrel, provided with a moveable top, or of a large glass 
vessel, having two openings. A small jar of lime-water being 

4 If aicess, either of th« gas or of its aqueous solution, be added to tbe lime water, the P recij>ilate 
■* R-dhsotred, carbonate of lime being soluble in carbonic a r id. 
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et down into the tub or vessel, and agitated, the lime-water 
will immediately become milky. The gas will also extinguish 
burning bodies, and prove fatal to animals that are confined in it. 
Ilence the danger of exposure to the fumes of charcoal, which, 
in several instances have been known to be fatal. These fumes 
consist of a mixture of carbonic acid and nitrogen gases with a 
very small proportion of oxygen gas. 2. Fill the pneumato- 
chemical trough with lime-water, and burn a candle, in a jar 
K * p * filled with atmospheric air, over the lime water till the flame is 
extinguished. On agitating the jar, the lime water will become 
milky. The same appearances will take place, more speedily 
and remarkably if oxygen gas be substituted for common air. 
The carbonic acid, thus formed during combustion, by its ad- 
mixture with the residuary air, renders it more unfit for sup- 
porting flame, than it otherwise would be from the mere loss of 
oxygen. Hence, if a candle be burnt in oxygen it is extin- 
guished long before the oxygen is totally absorbed ; because the 
admixture of carbonic acid with oxygen gas, in considerable 
proportion, unfits it for supporting combustion. Whenever any 
substance, by combustion in oxygen gas or common air over 
lime water, gives a precipitate, soluble with effervescence in 
muriatic acid, we may infer that it contains carbon. H. 1. 343. 
AoJof m * 659. ^ ls a *®° produced by the respiration of animals ; hence 

r»tio£ ,F it is detected often in considerable proportion, in crowded and 
illuminated rooms, which are ill ventilated, and occasions diffi- 
culty of 'breathing, giddiness, and faintness. 

Exp- The production of carbonic acid, by respiration, may be prov- 

ed by blowing the air from the lungs, with the aid of a quill, 
through lime water, which will become milky. 

660. In the atmosphere it may also be detected, varying in 
quantity from 1 to 0,1 per cent . 

661. Carbonic acid retards the putrefaction of animal sub- 
Rfttardi stances. This may be proved, by suspending two equal pieces 
putrefaction. fl es h m€a t ? the one in common air, the other in carbonic acid 

gas, or in a small vessel through which a stream of carbonic 
acid is constantly passing. The latter will be preserved untaint- 
ed some time after the other has begun to putrefy. 
vt« effect on Carbonic acid gas exerts powerful effects on living vegeta- 

vege table*. bles. These effects, however, vary according to the mode of its 
application. Water saturated with this gas, proves highly nu- 
tritive, when applied to the roots of plants. The carbonic acid 
is decomposed, its carbon forming a component part of the 
vegetable, and its oxygen being liberated in a gaseous form. 

On the contrary, carbdnic acid, when a living vegetable is 
confined in the undiluted gas over water, is injurious to the health 
of the plant, especially in the shade. The late Mr Henry long 
ago found, that a certain quantity of this gas, applied as an 
atmosphere, is favourable to vegetation; and M. Saussure o< 
• Geneva, has determined more recently, that the mixture ol 
more than J of carbonic acid with common air is always injuri- 
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ous; but that, in this proportion, it produces the growth of 
plants, and is manifestly Recomposed. 

662. It is this process of nature that appears to be the prin- 
cipal means of preventing an excess of carbonic acid in the 
general mass of the atmosphere, which, without some provision 
of this kind, must gradually, in the course of ages, be rendered 
less and less fit for respiration. H. 1. 345. 

663. Carbonic acid combines with alkalies, earths and metals 
and the compounds are termed carbonates : as it is usually 
retained in combination by very feeble affinity, so it is evolved 
from most of the carbonates by the simple operation of heat. 
Thus chalk, when heated, gives out carbonic acid and becomes 
quicklime. It is also evolved from its combinations by most 
of the other acids; and if nitric, muriatic, or sulphuric acid, be 
poured upon the carbonates, the presence of carbonic acid is 
indicated by effervescence. 

664. If carbonic acid be passed over red-hot charcoal, it be- 
comes converted into carbonic oxide by taking up an additional 
proportion of base. The blue flame, often seen upon the sur- 
face of a charcoal fire, arises from the combustion of the carbonic 
oxide formed in this way; the air entering at the bottom, forms 
carbonic acid, which, passing through the red-hot charcoal, be- 
comes converted into carbonic oxide. 

665. At a bright red heat, iron decomposes carbonic acid, by 
abstracting a portion of its oxygen, and forming oxide of iron 
and carbonic oxide. 

666. Carbonic Acid and Ammonia. — These gases readily 
combine, and produce one of the most useful and best known of 
the ammoniaeal compounds. When one volume of carbonic 
acid gas and two volumes of ammonia are mixed in a glass 
vessel, over mercury, a complete condensation ensues, and car- 
bonate of ammonia is produced. 

As 100 cubic inches of carbonic acid weigh 46,56 grains, and 
200 of ammonia 36,36 grains, in all 82,92 grains, carbonate of 
ammonia must consist of 

Atom*. 

Carbonic acid. . . • 56,20 ... I ... 22 
Ammonia 43,80 ... I ... 17 


It may be represented thus 

100, 


Carbonic Acid 



22 

Amm onia 



17 


24 


CllfwutM. 


Decomposi- 

tion. 


Carbonate of 
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667. If water be present, it so far overcomes the elasticity ol 
the gas, as to enable the salt formed to take up another volume 
of carbonic acid, and thus a bicarbonate is formed. 

668. Carbonate of ammonia crystallizes in octoedrons, thougl 
it is generally met with in cakes broken out of the subliming 
vessel, being obtained by sublimation from a Uaixture of muriate 
of ammonia and carbonate of lime. 

The results, however, of this decomposition are not strictlj 
speaking, carbonate of ammonia and muriate of lime, but car 
bonate of ammonia, water, and chloride of calcium, the two for- 
mer being in combination, so that a hydrated carbonate qf am 
monia is always obtained. 

Supposing the materials perfectly dry, the water is formed 
by the union of the hydrogen of the muriatic acid with the 
oxygen of the lime, as shown in the following diagram : 


H/diVed Carbonate of Ammonia. 



669. Sub-carbonate of Ammonia — Sesqui-carbonate . Mi 

Phillips has shown {Journal of the Royal Institution j vii 
294.) that the carbonate of ammonia of commerce {ammonis 
sub-carbonas of the Lond. Pharmacopoeia) is a compound o 

3 Proportionals of Carbonic acid .... 22 X 3 = 6$ 

2 Ditto ..'•••• Ammonia 17 X 2 = 34 

2 Ditto Water 9 X 2 = 18 

113 

Viewing it as a compound of 1| proportions of carbonic acid 
1 ammonia, and 1 of water, it has been called by Mr Phillips ; 
sesqui-carbonate, and if this view be unconnected with th< 
notion of its containing the fraction of an atom, there can b 
no objection to the name. It is preferable, indeed, to that o 
sub-carbonate, which should be reserved for the compound 
hitherto unknown, of 1 atom of acid and 2 of base. 

670. When the sesqui-carbonate is fresh prepared, it has i 
crystalline appearance and some transparency, and is hard ant 
compact. It has a pungent smell, and a sharp penetrating taste 
and affects vegetable blues as uncombined alkalies do. It dis 
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solves in twice its weight of cold or an equal weight of boiling 
water. When exposed to the atmosphere, it loses weight very 
fist, ceases to be transparent, loses its odour, becomes brittle 
ud easily reducible to powder ; (H. 1. 409.) and ceases to act 
upon turmeric paper. In this state it may be considered as an 
hydrated bicarbonate of ammonia, and is composed, accord- 
ing to Phillips, of 

2 Proportionals of Carbonic acid . . 22 x 2 = 44 

1 Ditto Ammonia .... =17 

2 Ditto Water 9 X 2 = 18 

79 B. 

It has therefore lost, by exposure, 1 atom of acid and one atom 
of base. 

671. By varying the properties of the ingredients, and the 
regulation of the heat, it is possible to obtain a bi-carbonate at 
once by sublimation, (jinnals of Philos. N. S. iii. 110.) 

672; Carbon and Chlorine. — Mr Faraday has ascertained 
that, by exposing carburetted hydrogen, mixed with great excess 
of chlorine, to the action of light, a white crystalline substance 
is formed, which, when purified by washing with water, is a 
perehloride of carbon . 

673. To procure this substance a retort or other glass vessel 
of the capacity of about 200 cubic inches, provided with a brass 
cap and stop-cock, is first to be exhausted by the air-pump, and 
then made to communicate with a iar filled with chlorine. It 
is next to be screwed on a vessel full of olefiant gas, and as much 
as can find admission having entered, the cock is to be shut, and 
the whole left for a short time. When the fluid, composed of 
chlorine and olefiant gases, has formed and condensed on the 
sides of the vessel, the vessel is again to be placed over olefiant 
gas, and a further portion admitted. This process is to be 
repeated, till all the chlorine has united to form the fluid, and 
the vessel remains full of olefiant gas. Chlorine is then to be 
admitted by repeated portions, in consequence of which more of 
the fluid is formed, and ultimately a large portion is obtained, 
with an atmosphere of chlorine above it. The vessel is now to 
he exposed to the sun’s rays, which cause the immediate forma- 
tion of muriatic acid gas. This may be absorbed by admitting 
a small portion of water; and then another atmosphere of chlo- 
rine is to be introduced. Again exposed to the light, this will 
partly combine with the carbon, and partly form muriatic acid 
g*s, which, being, as before, absorbed by water, leaves space 
for more chlorine. Repeating this action, the fluid gradually 
becomes thick and opaque, from the formation of crystals in it, 
which at last adhere to the sides of the vessel as it is turned 
round : and ultimately the vessel contains only chlorine, with 
the accumulated impurities of the gases; a strong solution of 


UnioD of car- 
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muriatic acid coloured blue by its action on the brass ; and the 
solid substance in question. 

In order to cleanse the substance, the remaining gases am first 
to be blown out of the vessel by a pair of bellows, and the 
vessel is then to be filled with water to wash away the muriatic 
acid and other soluble matters. The new substance is then to be 
detached from the inside of the vessel, and poured with the 
water into a jar. A little alcohol will remove the last portions 
which adhere to the glass, and, when poured into the water, will 
precipitate the new compound, which must be collected on a 
filtre. and dried as much as possible by pressure between folds 
of bibulous paper. It must next be introduced into a glass tube, 
and sublimed by a spirit lamp. A part will be decomposed, 
but the sublimed portion is to be dissolved in alcohol, and pour- 
ed into a weak solution of potash, by which the new substance 
is thrown down, and the muriatic acid neutralized and separated. 
Then wash away the potash and muriate by repeated affusions 
of water, until the substance remains pure ; collect it on a filter, 
and dry it, first by pressure between folds of paper, and after- 
wards by sulphuric acid under the exhausted receiver of an air- 
pump. It will now appear as a white pulverulent substance; 
and, if perfectly pure, will not, when a little is sublimed in a 
tube, leave the slightest trace of carbon, or afford any muriatic 
acid. A small portion, dissolved in ether, should give no pre- 
cipitate with nitrate of silver. If not quite pure, it must be 
re-sublimed, washed, and dried, as often as is necessary. H. 1. 
350. 

674. This substance is nearly tasteless ; its odour resembles 
camphor; its specific gravity is about 2 ; it is a nonconductor 
of electricity. It Is volatile, and in close vessels fuses at 320°, 
and boils at 360°. It is not very combustible, but burns when 
held in the flame of a spirit lamp, with the emission of much 
smoke and acid fumes. It is insoluble in water, but readily solu- 
ble in alcohol and ether ; these solutions deposit arborescent and 
quadrangular crystals. It also dissolves in volatile and fixed 
oils. It is scarcely acted upon by alkaline and acid solutions; 
but most of the metals decompose this substance at a red heat. 
Potassium burns brilliantly in its vapour, causing the deposition 
of carbon, and the production of chloride of potassium. The 
metallic oxides also decompose it at high temperatures, produc- 
ing metallic chlorides, and carbonic acid or oxide, according tc 
the proportion of oxygen present ; no water is produced, show- 
ing the absence of hydrogen in the compound. 

675. In forming this substance, Mr Faraday believes that five 
volumes of chlorine gas saturate one of olefiant, and produce 
four volumes of muriatic acid gas ; that three volumes of the 
chlorine combine with the two volumes of charcoal existing in 
the olefiant gas to form the crystalline solid ; and that when 
chlorine acts on the fluid compound of chlorine and olefiant gasj 
for every volume of chlorine that combines, an equal volume ol 
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hydrogen is separated. The results of its decomposition by 
per-ozide of copper, confirm these views, and tend to establish compotitum. 
that the composition of per-chloride is 


3 atoms of chlorine . = 108 

2 ditto of carbon = 12 


Weight of its atom . . . 120. H. 351. 

676. When the above perchloride of carbon is passed through 
a red-hot tube, containing fragments of rock-crystal to increase 
the heated surface, it gives off a portion of chlorine, and is con- 
verted into a liquid protochloride of carbon . It is a limpid ^ 
colourless fluid, specific gravity 1,55, and not combustible, ex- 
cept retained in the flame of the spirit-lamp, when it burns bon * 
with a yellow flame, much smoke, and fumes of muriatic acid. 

It does not congeal at 0°; it rises in vapour at about 165°. It 
is insoluble in water, but soluble in alcohol, ether, and the oils. 

It is not affected by the acids or alkalies, nor at common temper- 
atures, by solutions of silver. It dissolves chlorine, iodine, 
sulphur, and phosphorus. It affords, when decomposed, 17 
carbon + 83 chlorine ; whence it may be inferred to consist of 


1 Proportional carbon .....= 6 
1 Ditto chlorine = 36 


42 

677. Sulhchloride of Carbon. — A third compound of chlo- SlllMshl0Tl ^ 
rine and. carbon was brought from Sweden by M. Julin, of of carbon. 
Abo, where it had been accidentally formed during the distilla- 
tion of nitrie acid from crude nitre and sulphate of iron. The 
quantity produced at each process did not exceed a few grains, 

which condensed in fine white feathery crystals in a glass tube 
connecting the first and second receiver. Its properties are 
described by M. Julin as follows : [Ann. of Phil. N. S. i. 216.) 

678. It is white; consists of small soft adhesive fibres; sinks 
slowly in water; is insoluble in it whether hot or cold; is taste- 
less; has a peculiar smell, somewhat resembling spermaceti ; is 
not acted upon by concentrated and boiling acids or alkalies, 
except that some of them dissolve a small portion of sulphur ; 
dissolves in hot oil of turpentine and in alcohol, but most of it 
crystallizes in needles on cooling; burns in the flame of a lamp 
with a greenish blue flame, and a slight smell of chlorine ; when 
bested melts, boils, and sublimes between 350° and 450° Fahr^ 
or sublimes slowly at a heat of 250°, forming long needles. 
Potassium burns with a vivid flame in its vapour, and charcoal 
is deposited ; and a solution of the residuum in nitric acid gives 
a copious precipitate with nitrate of silver. 

673. A small quantity of this substance, having been put into 
the hands of Messrs B. Phillips and Faraday, has been made 
by them the subject of analysis. They found that it might 
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readily be purified from sulphur by boiling in liquid potash , 
washing in water, drying and subliming, when it formed beauti- 
ful acicular crystals, in the form of four-sided prisms. 

680. It was decomposed into chlorine and charcoal by being 
passed over red hot fragments of rock crystal. Its vapour, 
being detonated over mercury with excess of oxygen, gave car- 
bonic acid gas and chloride of mercury. When heated with 
phosphorus, iron, or tin, chlorides of those substances were 
formed, and charcoal deposited. Its analysis was effected in 
two ways ; by being transmitted over ignited peroxide of cop- 
per, and over dry quick-lime. Both processes gave results 
which conspire to show that it is constituted of 


1 atom of chlorine 36 

2 atoms of carbon 12 


Weight of its atom .... 48 

Messrs Phillips and Faraday have not given any name to 
this compound. It may be called, provisionally, the sub-chlo- 
ride of carbon. 

681. Thus we have three distinct compounds of chlorine and 
^carbon, viz. 

At of CMor. At. of Cub. 


The per-chloride 3 + 2 

The proto-chloride 1 + 1 

The sub-chloride 1 + 2 


It is probable that another chloride of carbon will hereafter 
be found, consisting of two atoms of chlorine and one of carbon. 
H. 1. 354. 

682. Carbon and Hydrogen — Carburetted Hydrogen — 
Olefiant Gas — Hydroguret of Carbon . — Carbon and hydrogen 
combine and form olefiant gas, consisting of 1 proporttonal of 
carbon + 1 of hydrogen. Its composition will be 

*2 hydrogen } two vo * umes eac ^ condensed to one. 


14 

683. It is usually obtained by the decomposition of alcohol 
by sulphuric acid. For this purpose four parts of the acid and 
one of alcohol are put into a retort, and heated by a lamp. 
Soon after the mixture boils the gas is evolved. It may be 
collected over water ; its specific gravity to hydrogen is 14. 
100 cubic inches weigh 29.638 grains. 

684. This gas is inflammable, burning with a bright yellow- 
ish white flame. One part by volume requires, for perfect 
combustion, three of oxygen, and two of carbonic acid are pro- 
duced. When sulphur is heated in one volume of this gas, 
charcoal separates, and two volumes of sulphuretted hydrogen 
result As hydrogen suffers no change of volume by com- 
bining with sulphur, it follows that olefiant gas contains two 


Digitized by 


Google 



CAABtmSTTXD HYDROGEN. 


191 


volumes of hydrogen condensed into one, hence the quantity of 
oxygen required for its combustion. 

685. This gas is also decomposed by heat alone, as bypassing 
and repassing it through a red-hot tube of earthenware or metal $ 
it then deposits its carbon, and is expanded into twice its origi- 
nal volume of pure hydrogen. 

686. The following symbols show that one volume or pro- 
portional of this gas, mixed with three of oxygen, are converted 
into water and carbonic acid, the hydrogen being expanded to 
two volumes, or its real bulk. 


Before detonation. 


C. Hydrogen. 
6+ 1 

Oxygen 

8. 


8 . 

8 . 


After detonation. 



i 



Oxrgen 

Hydrogen 


Carbon 

8. 



V 

«. 

8. 


This gas, therfore, is constituted of 1 proportional of carbon 
= 6+1 proportional of hydrogen = 1, and its number is 7. 

687. When carburetted hydrogen is mixed with chlorine in Prodocc# Bu 
the proportion of 1 to 2 by volume, the mixture on inflamma- rietic acid 
tion produces muriatic acid, and charcoal is abundantly deposit- W1 c 

ed ; but if the two gases be mixed in an exhausted vessel, or 
over water, they act slowly upon each other, and a peculiar 
fluid is formed, which appears like a heavy oil ; hence this 
compound has been termed olefiant gas . 

688. Chloric ether is the term applied to this fluid by Dr chiorieetb«r. 
Thomson, who in 1810, ascertained that its component parts 

were chlorine and carburetted hydrogen. It has more lately 
been examined by M. M. Robiquet and Colin (< Annates de 
Chim. et Phys. Vol. i. and ii.) The term hydrochloride of 
carbon may properly be applied to it. It may be formed by 
showing a current of each gas to meet in a proper receiver ; 
there should be excess of olefiant gas, for if the chlorine be in 
excess, the liquid absorbs it. It is transparent and colourless ; 
its taste, sweet and somewhat acrid ; its specific gravity = 1,2. 

It boils at 152°. It burns with a green flame, evolving mu- 
riatic acid, and largely depositing charcoal. As it is produced 
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by equal volumes of chlorine and carburetted hydrogen, it is 
probably a compound of one proportional of chlorine and two 
of carburetted hydrogen; or of 


Chlorine 36 

Carbon 13 

Hydrogen 3 


50 

689. From some recent experiments made at the Royal Insti- 
tution by Mr Faraday, it appears that, by exposing this hydro- 
chloride of carbon to the action of excess of chlorine, muriatic 
acid and chloride of carbon are the results. 

690. When iodine and carburetted hydrogen are exposed to 
the action of light they combine, and form a hydriodide of 
carbon . This compound was first obtained in the Laboratory 
of the Royal Institution, by Mr Faraday; and, reasoning ana- 
logically upon the facts already stated, in respect to the chlo- 
ride of carbon, it is probable that it may lead to the discovery 
of an iodide of carbon, but that compound has not as yet been 
formed. 

The hydriodide of carbon is a white crystalline solid, volatile 
without decomposition, and in many respects analogous to the 
hydrochloride of carbon ; its taste is sweet and its odour aro- 
matic. 

691. A gas, containing carburetted hydrogen, is often gener- 
ated in stagnant ponds ; and by passing the vapour of water 
over red-hot charcoal, or by distilling moist charcoal in an iron 
retort, at a red heat, and washing the gas thus afforded in lime- 
water, by which the carbonic acid is separated, a similar com- 
pound is said to be obtained. 

The specific gravity of these gases is liable to great varia- 
tion, 100 cubical inches weigh from 13 to 30 grains. 

They burn with a paler flame, and require less oxygen than 
olefiant gas for perfect combustion. 

693. It has generally been stated that these gases contain a 
definite compound of 1 proportional of carbon and 3 of hydro- 
gen, to which the term bi-hydroguret of carbon , or light 
hydrocarbonate has been applied. From many experiments, 
however, on this subject, I* am induced to consider them as 
mixtures of olefiant gas and hydrogen, since I have never been 
able to obtain any other definite compound of carbon and hydro- 
gen, than olefiant gas ; and since they may be imitated by mix- 
tures of olefiant and hydrogen gases, of the same specific gravities. 

693. These mixtures are abundantly produced during the 
destructive distillation of common pit-coal ; and the gas thus 
obtained is employed for the purposes of illumination, as an 
economical substitute for tallow, oil, &c. The process is carri- 
ed on upon a very extensive scale in Europe, in several public 

* ProfoMor Braude. 
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and many private establishments. The coal is placed in oblong 
cast-iron cylinders, or retorts, which are ranged in furnaces to 
keep them at a red heat, and all the volatile products are con- 
Fejed by a common tube into a condensing vessel , kept cold 
by immersion in water ; and in which the water, tar, ammo- 
niaeal, and other condensible vapours, are retained ; the gaseous 
products consist principally of carburetted hydrogen, sulphu- 
retted hydrogen, and carbonic oxide and acid ; these are passed . 
through a mixture of quicklime and water in vessels called 
purifiers, by whi6h the sulphuretted hydrogen and carbonic 
gases are absorbed, and the carburetted hydrogen and hydro- 
gen gases, transmitted sufficiently pure for use into gasometers , 
wheoce the pipes issue for the supply of streets, houses, &c. 

The coke remaining in the retorts is of a very good quality.* 

694. The average specific gravity of purified coal-gas is 
0,4500. 100 cubical inches weigh from 14 to 15 grains, and it 
may be considered as a mixture of about 55 volumes of hydro- 
gen, and 45 of olefiant gas. 

695. The best kind of coal for distillation is that which con- 
tains most bitumen and least sulphur. The chaldron should 
yield about 12000 cubical feet of purified gas, of which each 
Argand’t burner, equal to six wax candles, may be considered 
as consuming from four to five cubical feet per hour. 

696. The economy of gas illumination may be judged of by 
examining the value of the products of distillation of a chaldron 
of coals, the average cost of which may be considered as 3/. 

It should afford — 

H Chaldron of coke, at 25# ••••.lit 3 

24 Gallons of tar and ammoniacal liquor, at 3d. 0 6 0 
12000 Cubic feet of gas, at 15#. per 1000 C.F. ... 9 0 0 

J510 17 3 

These products are taken at their lowest value, but they af- 
ford ample grounds for showing the advantage of gas illumina- 
tion, not merely for public purposes, but also in private estab- 
lishments, it appears that where more than fifty lights are re- 
quired, a coal-gas apparatus will be found profitable. 

697. Messrs. J. and P. Taylor have lately constructed an oa ^ 
a Pparatus for the conversion of oil into gas. It consists of a 
fornace with a contorted iron tube containing fragments of brick 

or coke, passing through it, into which, when red-hot, the oil 
is suffered to drop; it is decomposed, and converted almost 
entirely into charcoal, which is deposited in the tube, and into a 
mixture of carburetted hydrogen, and hydrogen gases, of which 


*** Parker, of Liverpool, ( PkU . Mag. Vol. lii. p. 392.) baa proponed to pats tbo gat aa it comes 
“••theeonl retorts through red hot iron tabes, by which the contaminating gates aod vapours are 
**ther decomposed, end the quantity of uaefo) gas much increased. This suggestion* if it succeeded. 
*®a*d greatly diminish the quantity of tar. which is the only useless product ; but as carburetted 
■ydrofen U decomposed at a red beat, it will obviously tend to diminish the illuminating power of the 
P* 1 *koagh it will increase its quantity. 

25 
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from two to three cubic feet may be regarded as equivalent' to 
five or six of coal-gas, for the production of light . — Quarterly 
Journal , Vol. viii.* 

The commonest whale oil, or even pilchard-dregs, quite unfit 
for burning in the usual way, afford abundance of excellent gas, 
requiring no other purification than passing through a refrigera- 
tor to free it from a quantity of empyreumatic vapour^ 

698. A gallon of whale-oil affords about 100 cubical feet of 
gas, and an Argard burner, equal to seven candles, consumes a 
cubical foot and a half per hour. The cost of a lamp fed by oil 
or coal gas, and giving the light of seven candles will be 3 far- 
things per hour. 


Of Argand’s lamp with spermaceti oil . . ...... 34. 

Mould-candles . • • 3J' 

Wax-candles 14 


699. By a series of experiments, conducted with every requi- 
site caution {Phil. Trans . 1820, p. 23.) Professor Brande found 
that, to produce the light of ten wax candles for one hour, there 
were required 

2600 cubical inches of pore carburetted hydrogen or olefiant gas. 


4865 . . oil gas. 

13120 . coal gas«t 


700. The fitness of the gas obtained from coal for the pur- 
poses of illumination, is, ceteris paribus , dependent upon the 
quantity of carburetted hydrogen, or olefiant gas, which it 
contains ; and, consequently, the fitness of the purified mixed 
gas for illumination, will be directly as its specific gravity; or, 
the relative proportion of olefiant gas, may be judged of by 
mixing the purified coal gas with twice its volume of chlorine 
over water, by which the olefiant gas will be absorbed, and its 
quantity shown by the amount of the absorption which takes 
place. 

701. Experiments, thus conducted, show that purified coal 
gas seldom contains more than 40 per cent . in volume of car- 
buretted hydrogen, while oil gas generally affords about 15 per 
cent.; hence its superiority for burning, and the relatively small 
quantity consumed. 

* A convenient apparatus for obtaining oil gas. in sufficient quantity for the exhibition of ,u 
properties, is represented by fig 111. a is a vessel of cast iron about 16 inches in depth. soJ S >i 
diameter at its upper part; having a cast iron cover, with two openings, to the smallest of which. * 
copper pipe leading from a funnel-shaped oil vessel b , is secured by bracing ; into the larger °P fn '^ 
a gun barrel c is screwed which enters a small copper condensing vessel d furnished with a cock <* 
drawing of any oil, or condensible vapors that may pass over. From the upper part of tbe coad«»* r 
a copper or lead pipe issues, which conveys the gas to a gasometer. When oil gas i* 
the vessel b is filled with oil, and the pieces of bricks are put into the retort a, the cover is then !*<*** 
by a rod of iron passing through the ears 1 1 , and tbe joint is made tight by a mixture of about* P*^ 
of muriate of ammonia, 1 of sulphur and 30 of cast iron filings or borings, made into a 
water.* This retort may be placed in any convenient furnace, and when heated to redness tbe / 
is tamed so as to allow the oil to pass drop by drop. 

fit seems probable that the coal gas, employed in these experiments, was below tbe general 
ard. and that it was a fair average to consider one vol. of oil gas es equivalent to S or et most 
volumes of gas from coal of good quality. H. 

* This cement should be allowed to become bard before tbe apparatus is used. 
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Dr Henry {Phil. Trans. 1S08,) has given some important 
experiments upon the production of gas from coal, by which it 
appears that its composition is various at different stages of the 
distillation. The mode of distillation also affects the quantity 
and quality of the products. 

702. An account of the apparatus for the production of coal 
gas, and of its construction and expense, will be found in the 
Treatises on Gas Lights , by Mr Accum and Mr Peckston. 

703. A mixture of carburetted hydrogen and hydrogen is con- 
tained abundantly in coal strata, from fissures in which it is 
sometimes evolved in large quantities, forming what in the lan- 
guage of the north country miners, is called a blower. When 
this gas is accumulated in' any part of the gallery or chamber of 
a mine, so as to be mixed in certain proportions with common 
air, the presence of a lighted candle, or lamp, causes it to 
explode, and to destroy, injure, or burn whatever is exposed to 
its violence. The miners are either immediately killed by the 
explosion, and thrown with the horses and machinery, through 
the shaft into the air, the mine becoming as it were an enor- 
mous piece of artillery from which they are projected ; or they 
are gradually suffocated, and undergo a more painful death from 
the carbonic acid and nitrogen remaining in the mine, after the 
explosion of the fire damp ; or what, though it appears the 
mildest, is perhaps the most severe fate, they are burned or 
maimed, and often rendered incapable of labour and of healthy 
enjoyment for life. — Davy, on the Safety-Lamp for Coal 
Miners , London, 1818. 

Sir H. Davy, in the treatise just quoted, has given a sketch a +r*j lamp, 
of different, but ineffectual, contrivances of others, for the pre- 
vention of these dreadful, and hitherto frequently occurring, 
accidents ; and has described the train of investigation by which 
he was led to the discovery of a remedy at once simple and 
efficient, and which has already been submitted to repeated and • 
successful trials. 

704. The properties of flame, and the principle of safety 
adopted in this lamp, have already been adverted to (182). It 
is obvious, from what has there been said, that if the flame of a 
common lamp be every where properly surrounded with a 
wire-gauze, andin that state immersed into an explosive gaseous 
mixture, it will be inadequate to its inflammation, that part only 
being burned which is within the cage, communication to the 
inflammable air without being prevented by the cooling power 
of the metallic tissue ; so that by such a lamp the explosive 
mixture will be consumed, but cannot be exploded. 

705. Fig. 1 18 is a representation of the safety lamp, as recom- ‘ 
mended for general use by Sir H. Davy, a is a cylinder of 
*ire gauze, with a double top, securely and carefully fastened, 
by doubling over, to the brass rim i, which screws on the 
lamp c. The whole is protected and rendered convenient for 
drying, by the frame and ring d . If the cylinder be of twill- 
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ed wire-guaze, the wire should be at least of the thickness of 
one-fortieth of an inch, and of iron or copper, and 30 in the 
warp, and 16 or 18 in the welt. If of plain wire gauze, the 
wire should not be less than one-sixtieth of an inch in thick- 
ness, and from 28 to 30 both warp and woof. — Davy, on the 
Safety Lamp , p. 114, et seq. 

£*P‘ The operation of this lamp may be shown on a small scale 

by suspending it in a glass jar, and then admitting a sufficient 
stream of coal gas to render the enclosed atmosphere explosive. 
The flame of the lamp first enlarges, and is then extinguished, 
the whole of the cage being filled with a lambent blue light; on 
turning off the supply of the gas this appearance gradually 
ceases, and the wick becomes rekindled, when the atmosphere 
returns to its natural state. 

When a small coil of platinum wire is hung above the wick 
of the lamp within the wire gauze cylinder, the metal continues 
to glow, long after the lamp is extinguished, and affords light 
enough to guide the miner in what would otherwise be impen- 
etrable darkness. In this case the combustion of the fire damp 
is continued so slowly, and at so low a temperature, as not to 
be adequate to that ignition of gaseous matter, which constitutes 
flame, though it excites a temperature sufficient to render pla- 
tinum wire luminous. 

As the safety of these lamps entirely depends upon the per- 
fect state of the wire gauze, and upon the non-existence of any 
aperture or channel sufficiently large to admit of the passage of 
flame, they should, when used in a coal mine, be inspected 
daily to ensure their soundness in these respects. 

Method of 706. The analysis of a mixture of hydrogen with carburetted 
muu^of hydrogen, carbonic oxide, and carbonic acid, presents peculiar 
j^rtwretted difficulties in the ordinary mode of proceeding; and as it often 
aMu* 0 ’ requires to be performed in investigations relating to the gases 
used for illumination, it became an object to facilitate the pro* 
cess, for which I have used the following plan. (Brande.) 

A hundred measures of the gas are introduced into a gradu- 
ated tube, and the carbonic acid absorbed by a solution of 
potassa; the remaining gas is then transferred to thrice its 
volume of chlorine of known purity, standing over water in a 
tube of about half an inch in diameter, and exposed to daylight, 
but carefully excluded from the direct solar rays ; after 24 hours 
the carburetted hydrogen and the excess of chlorine will have 
been absorbed, and the remaining gas, consisting of carbonic 
oxide and hydrogen, may be analyzed by detonation with oxy* 
gen in excess; the measure of carbonic acid formed being equal 
to that of the original carbonic oxide. 

This proceeding depends upon the non-formation of chloro- 
carbonic (642) acid in a mixture of carbonic oxide and chlorine 
in the contact of water, and out of the direct agency of the solar 
rays. Such mixture has been kept several days, occasionally re- 
newing the chlorine as it became absorbed by the water, and on 
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diminution in the bulk of the carbonic oxide has been observed. 
In all these cases it is necessary to ascertain the purity of the 
chlorine by its absorption by water, and to be aware of the 
evolution of common air from water during that process. 

707. When oil gas is compressed a colourless fluid is deposit- 
ed, which is nearly insoluble in water, but soluble in alcohol, 
ether and oils. It burns with a dense flame, and is distinguish- 
ed from the oil from which it originated, by not being acted 
upon to any extent, by solutions of alkalies. Part of this fluid 
is volatile at 60°, while other parts are more fixed. By repeat- 
ed distillations Mr Faraday obtained from it a series of pro- 
ducts from the most to the least volatile. These were subjected 
to a low temperature, and some of them concreted into a crys- 
talline mass, and a substance was ultimately obtained, princi- 
pally by pressure at low temperatures, which proved to be a 
new compound of carbon and hydrogen. At common tempe- 
ratures it is a colourless liquid, of specific gravity 0,85 at 60°, 
and has the odour of oil gas. Below 4 2° it is a solid body 
forming dendritical, transparent crystals. At 0° it appears 
white or transparent, brittle, pulverulent, and of the hardness 
nearly of loaf-sugar. It evaporates entirely in the air : at 186° 
it boils, furnishing a vapour, which has a specific gravity of 40 
nearly compared to hydrogen as 1. At a higher temperature 
the vapour is decomposed, depositing carbon. It is combustible, 
liberating charcoal, if oxygen be not abundantly present. 

708. This substance was analysed by being passed over red- 
hot oxide of copper, and by detonation of its vapour with oxy- 
gen, and was found to consist of 


2 proportionals of carbon . . .' 12 

1 “ hydrogen 1 

73 


And in the state of vapour one volume was found to consist of 
6 proportionals of carbon and 3 of hydrogen = 39. 

It has been called by Mr Faraday Bi-carburet of hydrogen . 

709. From the more volatile portions of the fluid Mr Fara- 
day obtained a product, which, though gaseous at common 
temperatures, condensed into a liquid at 0°. It was very com- 
bustible, and constant in composition and properties. Its sp. 
gr. was 27 or 28 in its gaseous state ; as a liquid 0,627 ; being 
the lightest substance, not a gas or vapour, known. It was 
found to consist of 1 proportional of carbon =6, -f 1 of hydro- 
Tens 1, as is the case with olefiant gas; but these are so con- 
densed and combined, as to occupy only one half the volume 
they do in that substance. A volume therefore of this gas con- 
tains 4 proportionals of carbon =24+4 of hydrogen =28, which 
is its specific gravity. 

710. Besides the remarkable difference, thus established, be- 
tween this substance and olefiant gas, it is also distinguished by 
the action of chlorine, with which it forms a fluid body having 


Bi-carboret 
of Hydrofea. 


AaaJysin 
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a sweet taste, and resembling hydro-chloride of carbon; but 
from which a chloride of carbon cannot be obtained by the fur- 
ther action of chlorine and light. 

711. The fluid as originally obtained when put into gas burn- 
ing with a blue flame, makes it produce a bright white flame ; 
it is an excellent solvent of caoutchouc, and will answer all 
the purposes to which essential oils are applied as solvents. 
(See Philosophical Magazine , Ixvi. 73). 

712. Carbon and Nitrogen — Carburet of Nitrogen — Cy- 
anogen .. — This gaseous compound was discovered by Gay-Lus- 
sac in 1815. (Annales de Chimie , xcv.) 

To obtain cyanogen, it is necessary first to boil fine powdered 
red oxide of mercury with twice its weight of prussian blue and 
a sufficient quantity of water. The compound is perfectly 
neutral, and crystallizes in long four-sided prisms truncated 
obliquely. It still, however, contains a little iron, which may 
be separated by digesting the liquor, before evaporation, with a 
little more of the oxide of mercury, and saturating the excess 
of this oxide with a little prussic acid, or even with a little 
diluted muriatic acid. The prussiate of mercury, thus obtained 
neutral and crystallized, must be carefully and completely dried 
at a temperature below that of boiling water ; and then exposed 
to heat in a small glass retort, or in a tube closed at one extrem- 
ity. It first blackens, then liquefies, and the cyanogen comes 
over in the form of a gas, which may be collected over mercury. 
In the retort there remains a charry matter of the colour of soot, 
and as light as lamp black.* 

713. Cyanogen is a true gas, or permanently elastic fluid. 
Its smell is strong, penetrating, and disagreeable, resembling 
that of bitter almonds. It burns with a bluish flame mixed with 
purple. Its specific gravity is to that of hydrogen as 26 to 1 ; 
to common air as 1,8064 (1,8055, T.) to l.t 100 cubic inches 
at 60° Fahr. weigh 55 grains. 

714. Water at the temperature of 60° Fahr. absorbs almost 
4' times its volume, and pure alcohol 23 times its volume. 
The watery solution reddens litmus ; this-, however, is scarcely 
to be considered as an effect of cyanogen, but of the products 
to which it gives rise by the decomposition of water. (Vauque- 
lin in Ann . of Phil . xiii. 430.) H. 1. 439. 

The aqueous solution, according to Vauquelin, (Annales de 
Chim ., Oct. 1818,) is subject to spontaneous decomposition, 
being gradually converted into carbonic and hydrocyanic acids, 
ammonia, a peculiar acid which he calls the cyanic , and a brown 
substance containing carbon ; the ammonia saturates the acids, 
and the carbonaceous compound is deposited. These changes 
are referable to the mutual re-action of the elements of cyanogen 
upon those of water. 

715. Cyanogen may be analyzed by detonation with oxygen. 
One volume, detonated over mercury with two of oxygen, pro- 

* Gay-Limac, Ann. de Chim Vol icv. ; or Thornton*! Afiotlf, vui. 37. 
t Its specific gravity, Oxygen, = J u 1,636. T.^ 
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dices two volumes of carbonic acid, and one of nitrogen. 
Whence it appears that cyanogen consists of two proportions 
of carbon = 12, and 1 of nitrogen = 14, the nitrogen having 
saifered no change of bulk by uniting with the carbon ; or it 
may be said to consist of two volumes of gaseous carbon -f one 
volume of nitrogen, the three being condensed into one volume. 
Its representative number is 26. 

The following symbols exhibit the mixture of cyanogen 
with oxygen in the above proportions, and the result of their 
detonation : 


Before detonation. 


After detonation. 


One proportion*] of Cyanogen mad 
four of Oxygen. 


Cyanogen. 

C. N. 

tt+14 

Oxygen 

8. 

8. 


8. 

i 


! 

i 8 * 


One proportional of Two proportional* of C&itoonic 
Nitrogen. Acid. 


Nitrogen 


6 

Oxygen 

8. 

14 



8. 


6 

8. 


1 

% 

8. 


716. The solutions of pure alkalies and alkaline earths absorb AbioAed by 
cyanogen ; and the liquid obtained, when poured into a solu- solu- 
tion of black oxide of iron, affords prussian blue, but not with- Uo0 *' c * 
out the addition of an acid. At the same time, carbonic acid 
gas escapes, in volume equivalent to the cyanogen absorbed, 
and there is a perceptible smell of prussic acid. These changes 
will be more evident from the following recapitulation. 


l vol. of 
cyanogen 


= 2 vols. char- 
coal and 1 vol. 
nitrogen 


decomposes ( = 1 vol. oxygen 
1 atom of <and 2 vols. ^tiy- 
water ( drogen. 


One volume of charcoal, uniting with one volume of oxygen, 
forms one volume of carbonic acid ; the remaining volume of 
charcoal, uniting with half a volume of nitrogen and half a vol- 
ume of hydrogen, composes prussic acid ; and the residuary 
half volume of nitrogen and volume of hydrogen compose 
together one volume of ammonia. 

717 . When to two volumes of charcoal and one volume of 
nitrogen, together constituting cyanogen, one volume of hydro- 
gen is joined, and the whole four volumes are condensed into 
two, we obtain prussic or hydro-cyanic add . Cyanogen 
agrees then with chlorine and iodine, in being acidifiable by 
union with hydrogen. Hence its compounds with metallic 
“*ses have been called by Gay-Lussac cyanures as those of 
chlorine are called chiorurcs . H. 1 . 441 .* 


* The term cymnidu it preferable, and io more general ate. 
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union of cy. 718. Cyanogen and Chlorine combine and produce the 
tuSSL,*"* Chlorocyanic acid . M. Gay-Lussac procured this compound 
by passing a current of chlorine through a solution of hydro- 
cyanic acid (722) in water, till the liquid discoloured a diluted 
solution of indigo in sulphuric acid. He then deprived it 
of excess of chlorine by agitation with mercury. To sepa- 
rate chlorocyanic acid from this liquid, he took a glass cylin- 
der, filled it two thirds with mercury, and then to the brim 
with the above liquid, and inverted it in a basin of mercury. 
This basin and cylinder were put under the receiver of an air- 
pump, and the air drawn out, till the mercury and liquid were 
displaced ; the cylinder became filled with the vapour of chlo- 
rocyanic acid; on admitting the air, the vapour condensed into 
a liquid, and the mercury rose in the cylinder. It may also be 
obtained by carefully distilling the liquid into a receiver sur- 
rounded by ice. 

719. Chlorocyanic acid thus obtained is a colourless and very 
Properties volatile liquid, having a peculiar and irritating odour. It red- 
dens litmus ; is not inflammable ; and does not form detonating 
mixtures either with oxygen or hydrogen. 

720. According to the analysis of Gay-Lussac, this acid is 
constitute4 of 

1 vol. of gaseous carbon ) 

i a volume of nitrogen \ condensed into 1 volume. 

I 44 44 44 chlorine) 

In other words 1 vol. of chlorine, and 1 vol. of cyanogen 
produce by combining 2 vols. of chlorocyanic acid. Hence 
its density should be the mean of those of its components. H. 
1. 446. 

The following symbols represent its composition and volume 


Cyanogen 

Chlorine 

26.0 

36 


Chlorocyaoic Acid. 
62 


union of 721. Iodine and Cyanogen form a volatile solid compound, 
2d £? enand w hich collects in flocculi, and has an acrid taste and pungent 

*° ee smell ; it may be formed by heating iodine with cyanuret of 

mercury. — D avy. Quart. Journal , i. 289. 

722. Cyanogen and Hydrogen — Hydrocyanic or Prussic 
acid.— This triple compound may be obtained by moistening 

cyanogen and cyanuret of mercury with muriatic acid, and distilling at a low 
hydrogen, temperature, having surrounded the receiver with ice. 

723. A liquid is thus obtained which has a strong pungent 

odour, very like that of bitter almonds; its taste is acrid, and 
it is highly poisonous. When a rod dipped in concentrated 

prussic acid is brought in contact with the tongue of an animal, 

it expires before the rod can be withdrawn. Its vapour occa- 
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sioni nausea, headache and faintness. (See Bigelow’s Sequel 
to V. S. Pharmacopoeia , p. 49.) It volatilizes so rapidly as 
to freeze itself. It reddens litmus. 

724. The hydrocyanic acid is used in medicine, and several 
formulae have been given for its preparation ; the following 
affords the acid of a convenient strength, and is that which is 
adopted at Apothecaries’ Hall, (Lond.) One pound of cyanuret 
of mercury is put into a tubulated retort with six pints of water, 
and one pound of muriatic acid, specific gravity 1,15; a capa- 
cious receiver is luted to the retort, and six pints are distilled 
over. The specific gravity of the product is 0,995.* 

725. M. Vauquelin’s method of preparing dilute hydrocy- 
anic acid, consists in passing sulphuretted hydrogen through a 
solution of cyanuret of mercury, which, when decomposed, is 
to be filtered and mixed with carbonate of lead, in order to 
separate the excess of sulphuretted hydrogen. As this acid in 
its dilute state suffers partial decomposition by keeping, it 
should be prepared in small quantities only for pharmaceutical 
use, and preserved in vessels excluded from light. 

726. Hydro-cyanic acid may also be collected in a gaseous 
form over mercury, by heating in a retort the crystallized ferro- 
cyanate of potash with dilute sulphuric acid.' This gas is 
absorbable by water and alcohol. It is speedily fatal when 
received into the lungs of small animals. At a temperature be- 
tween 86° and 95° Fahrenheit, the acid gas forms with oxygen 
gas a mixture which detonates on passing an electric spark. A 
quantity equal to 100 measures condense 125 measures of oxygen, 
and there result 100 measures of carbonic acid and 50 measures 
of nitrogen. But as the carbonic acid contains only its own 
volume of oxygen, there remain 25 measures of the latter gas 
which must ha\re been converted into water by 50 measures of 
hydrogen existing in the prussic acid vapour. From these and 
other facts, Ga^-Lussac infers that it is composed of one volume 
of the vapour of charcoal, half a volume of hydrogen, and half 
a volume of nitrogen, condensed into one volume. 

727. When potassium is heated in hydro-cyanic vapour, it 
evolves hydrogen gas equal to half the volume of the vapour. 
The other elements of the gas unite with the potassium. Thus 
the hydro-cyanic acid is resolved into hydrogen and cyanogen, 
which last, uniting with the potassium, forms a cyanide of that 
me tal. As hydro-cyanic acid is constituted of equal volumes of 
those two gases, united without condensation, the specific grav- 
dy of the acid gas ought to be the mean of those of its compo- 
nents, viz. 0,9360 very nearly. This differs very little from the 


* *P«cific gravity of the acid is considered by Dr Ure as an inadequate test of its strength ; and 
re€o ®®ends the following as a more simple method of analysis. M To 100 grains, or any other 
^avenient quantity, of the acid, contained in a small phial, add, in succession, small quantities of 
peroxide of mercury in fine powder, till it ceases to be dissolved on agitation. The weight of the 
op. being divided by four, gives a quotient representing the quantity of real prussic acid 
weighing out beforehand oo a watch glass 40 or 50 grains of the peroxide, the residual 
We »Sht of K shows at ooce the quantity expended.' * (Quarterly Journal , xiii. 312.) 

26 


Preparation. 


Vaoqttelin's 

method. 


Gascons hy- 
drocyanic 
acid. 
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Union with 
sulphuretted 
byatpgta. 


Sulpboret of 
Carbon. 


Process Tor 
preparing. 


result of experiments, viz. 0,9476. Its constituents, therefore, 
are by weight 

Cyanogen 100 

Hydrogen 3,846 

or two atoms of charcoal = 12 + 1 of nitrogen = 14+1 of hydro* 
gen, and its equivalent number is 27. 

728. The salts formed by the union of this acid with salifia- 
ble bases arc called hydro-cyanates , but they are not perma- 
nent, and have no useful properties. They are decomposed by 
the weakest acids, such as the carbonic. H. 1. 443. 

729. It appears from the experiments of Mr Porrett ( Phil . 
Trans . 1814,) and from those of M. Gay-Lussac {Ann. dc 

m Chim. xcv.) that cyanogen is capable of forming a compound 
with sulphuretted hydrogen. It may be obtained by mixing 
one volume of cyanogen with one and a half of sulphuretted 
hydrogen ; they slowly combine, and form a yellow crystallized 
compound. 

730. According to Dr Thomson, Mr Porrett obtained an 
analogous body by a much more circuitous process; he has 
termed it sulphuretted chyazic acid ; and Dr Thomson, who 
regards it as consisting of cyanogen and sulphur only, calls it 
Sutphocyanic acid . — ( Syst . V. ii. p. 290.) He describes it as 
soluble in water ; of a smell resembling vinegar ; and decom- 
posed by repeated distillation. ( See a paper in the Jour. de 
Pharmacies Oct . 1818. — Also y Ann. Philos. Vol. xiii. 101.) 

731. Sir H. Davy has noticed the production of a compound 
of sulphur and cyanogen, obtained by heating a mixture of sul- 
phur and cyanuret of mercury; and by heating phosphorus 
with cyanuret of mercury, a cyanuret of phosphorus appears 
to be formed 

732. Carbon and Sulphur — Sulphur et of Carbon Alco 
hoi of Sulphur. — This is a liquid obtained by passing sulphui 
over red hot charcoal. 

733. To prepare it, a coated earthen tube, of about one incl 
and a half in diameter, partly filled with small pieces of char 
coal, well prepared, and quite free from moisture, may be dis 
posed in a furnace, as represented fig. 119, one end being placet 
higher than the other. To this end may be adapted a glass tube 
open at both ends, containing small bits of sulphur; and to th< 
other end, by means of an adopter, is to be fixed a curved tube 
passed into water contained in a two-necked bottle. The par 
of the tube, containing the charcoal, may then be made red hot 
and, when this happens, the bits of sulphur are to be pushei 
forwards, one by one, by means of a wire, carefully excludinj 
the air. As soon as the sulphur comes into contact with th 
charcoal, hubbies of gas will be produced in great abundance 
and a vapour will appear, which will condense,. under the wate 
in the bottle, into a liquid, of which, in the course of a day 
about half a pint may be procured. This liquid may be purifi 
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ed byre-distilling it at a very gentle heat, not exceeding 100° 
or 110° Fahrenheit ; and some dry chloride of calcium may be 
put into the retort, in order to obtain the fluid perfectly free 
from water. The liquid which comes over is quite pure, and 
some sulphur remains*in the retort. It may also be obtained by 
distilling a mixture of ten parts of finely pulverized and perfect 
chircoal with 50 of native bi-sulphuret of iron, from an earthen 
retort into a receiver surrounded by ice or snow. One part of 
sulphuret of carbon will be obtained from these materials. H. 
1. 452. 

734. The alcohol of sulphur has the following properties. It 
is eminently transparent, and perfectly colourless. Sometimes, 
immediately after distillation, the oily liquid appears a little 
opaque and milky ; but the next day it is found to have become 
completely limpid. It has an acrid, pungent, and somewhat 
aromatic taste ; its smell is nauseous and fetid, though differing 
from that of sulphuretted hydrogen. It is insoluble in water, 
but soluble in alcohol and ether ; its refractive power in regard 
to light is very considerable. Its specific gravity is 1,272. It 
boils at 106°, and does not freeze at — 60°. It is very volatile, 
and has a pungent taste and peculiar fetid odour! The cold 
which it produces during evaporation is so intense, that by 
exposing a thermometer bulb, covered with fine lint, and moist- 
ened with it, in the receiver of an air-pump, the temperature 
sunk, after exhaustion to — 80°. When a mercurial thermom- 
eter was used, the metal froze. 

735. Sulphuret of carbon is inflammable, and when burned 
with oxygen, produces sulphurous and carbonic acids. It con- 
sists of 1 proportional of charcoal and 2 of sulphur; 6 -f 32 = 38. 
(Berzelius and Marcet, Phil . Trans. 1813.) It was discov- 
ered by Lampadius, who called it Alcohol of Sulphur. — 
Ciell’s Annals y 1796, ii. 

736. A portion of carburet of sulphur appears to be fre- 
quently formed during the production of inflammable gas from 
coal (693), and to be retained in the state of vapour by the gas 
after its purification by lime , such gas gives a strong sulphur- 
ous smell when burned, although perfectly cleansed from sul- 
phuretted hydrogen. — Brands, Phil. Trans. 1820, p. 19. 

737. When transmitted over ignited copper or iron turnings, 
alcohol of sulphur is decomposed, the metal combining both 
with charcoal and sulphur; and a rose coloured fluid is obtained, 
differing in its sensible qualities from the original liquid, and 
apparently consisting of the same elements in different propor- 
tions. It is decomposed also when brought into contact with 
ignited peroxide of iron ; sulphuret of iron is formed ; and 
sulphurous and carbonic acids are produced, and may be sepa- 
rated from each other by borax, which absorbs the former 
°nly. In this way it may be analyzed, and its proportions cal- 
culated. 


Properties 


TV composi- 
tion. 
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738. The proportions of the elements of sulphurct of carbon 
are deduced by Berthollet, Thenard, and Vauquelin, to be 
from 14 to 15 parts of charcoal, and from 85 to 86 of sulphur, 
in 100. This statement of its composition nearly agrees with 
that determined by Drs Berzelius and Marcet; viz. 

Sulphur 84,83 . . • or . . . 100, 

Carbon .**... 15*17 . . . 17,89 


100 117,89 

The above-mentioned numbers establish the proportion of 
the elements of this compound to be two atoms of sulphur = 32 
to one of carbon = 6, and its equivalent number to be 38. 

739. It has been found also by Mr Murray, that when a few 
drops of this liquid are poured on the surface of a glass of water, 
the temperature of which is 32° Fahr.. plumose branches of ice 
dart from the sulphuret to the bottom of the vessel, and the 
whole water is suddenly frozen. At the same time, the sul- 
phuret becomes volatilized ; and the spiculae of ice beautifully 
exhibit the colours of the solar spectrum. (Jinn, of Philos, iii. 

N. S.) H. 1 . 454. 

740. Carbon and Phosphorus — Phosphuret of Carbon . — 
To obtain this compound, Dr Thomson directs the following 
process : ( Sysfem i. p. 276.) Allow phosphuret of lime to 
remain in water, till it no longer evolves gas ; then add to the 
liquid excess of muriatic acid, agitate for a few moments, and 
throw the whole upon a filter. Phosphuret of carbon remains, 
which is to be washed and dried. This compound is a soft 
powder, of a yellowish colour, without taste or smell : exposed 
to air, it slowly imbibes moisture, and acquires an acid flavour. 
Exposed to a red heat, it burns, and gradually gives out its 
phosphorus, the charcoal being prevented burning by a coating 
of phosphoric acid. It consists of phosphorus 0,62 + carbon 

O. 38 (Thomson’s Annals . viii. 157.) These numbers closely 
correspond with 


Phosphorus 1 proportional = 12 

Carbon 1 ditto = 6 


18 

It would appear from the mode of obtaining this phosphuret, 
that it forms an ingredient in phosphuret of lime, as usually 
prepared. 

741. Sulphuret of Carbon and hydrogen — Hydroxanthic 
or Carbo-sulphuric acid. — When bi-sulphuret of carbon (732) 
is gradually added to a solution of pure potassa, in alcohol con- 
taining 96 or 98 per cent, pure alcohol, and the mixture is agi- 
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Uted, the alkali is completely neutralized by the formation of a 
new acid. This new acid contains sulphur, carbon and hydro- 
gen, the two first of which probably form a compound base, 
analogous to cyanogen, and, like it, acidifiable by hydrogen. 

To the base, Mr Zeise, Professor of chemistry at Copenhagen, 
who first noticed these facts, has given the name of xanthogene 
(from yellow, and ymm*, to generate) on account of the 

yellqw colour of its compounds ; and, to the acid that of hydrox - 
ant hie acid. 

742. The neutral solution, obtained in the above manner, may 

be made to deposit crystals by lowering its temperature to the Mb, 
freezing point, or by exposing it under an exhausted receiver 
along with sulphuric acid. These crystals are the hydroxan - 
thate of potassa. They are needle-shaped ; without colour, 
except after exposure to the air, which renders them yellow ; 
have a peculiar odour ; a taste at first cooling, and then sharp 
and sulphurous; are extremely soluble in water, though not 
deliquescent ; in a less degree in ether ; and not at all in napht- 
ha. The watery solution becomes milky when exposed to the 
air, and soon manifests an excess of alkali. Sulphuric or muri- 
atic acid, diluted with four or five parts of water, and added in 
due quantity to the watery solution, occasion no effervescence, 
but cause the separation of an oily looking fluid heavier than 
water. This is the hydroxanthic acid. 

743. Solution of baryta in water or in acids, muriate of lime, 
and sulphates of magnesia or alumina, do not affect the hydroxan- 
tbate of potassa ; but several metallic salts occasion precipitates, 
which are compounds not of the metallic oxides with the new 
acids, but of the metals with xanthogen. Hence M. Zeise 
proposes to call them xanthures ; but it is more consistent with 
the nomenclature followed in this work to term them xan - 
t hides, analogous to chlorides, cyanides , &c. Several of the 
xanthides are described by their discoverers. 

744. The hydroxanthate of potassa is decomposed when 
distilled per se 9 and yields an oily fluid, with a gas which has 
the smell of onions, but in which nothing could be discovered 
but carbonic acid and sulphuretted hydrogen. Ala red heat, 
in the open air, it takes fire, and is consumed tranquilly with a 
bluish flame, but in the flame of a candle it burns actively, 
emitting bright sparks. 

745. Hydroxanthates of soda and ammonia may be prepared " of SwU * 
with alcoholic solutions of those alkalies and bi-sulphuret of car- 
bon; those of baryta and lime with hydroxanthic acid and their 
respective carbonates. The salt, with base of soda, is a little 
deliquescent. 

746. Hydroxanthic acid, separated by more powerful acids p "g e *j£ 
from its saline compounds, with some precautions which M. Zeise 

has pointed, out, is liauid; at common temperatures, and even 
below them ; it has the aspect of a transparent colourless oil ; 
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in specific gravity it exceeds water ; and it is not miscible with 
that fluid. Exposed to the air, it soon becomes covered with a 
white opaque crust. Its smell is powerful and peculiar. It has 
a taste at first acid, then astringent and bitter; litmus paper is 
completely reddened by it, but a part of the paper soon changes 
to a yellowish white. It is inflammable, and burns With a smell 
of sulphurous acid. A temperature below 212° decomposes it 
into bi-sulphuret of carbon and a combustible gas. When much 
divided by agitation with water, it is decomposed in a short 
time, giving out bubbles of gas. It expels carbonic acid from 
alkaline carbonates. The oxides of common metals (copper, 
lead, mercury, &c.) decompose it by giving up their oxygen to 
the hydrogen of the acid, and the xanthogene unites with the 
metal forming xant hides- 

747. The presence of hydrogen in hydroxanthic acid was 
established by the results of acting upon it with iodine, which 
occasioned a distinct production oi hydriodic acid, a compound 
of iodine and hydrogen. (< Anna Its de Chim. et de Phys . xxi. 
160, and Ann . of Phil . N. S. iv. 241.) H. ii. 667. 


Section VI. Boron . 

748. Boron was first obtained by Sir H. Davy in 1808, by 
the action of Voltaic electricity on boracic acid. When, that 
acid slightly moistened with water, was exposed between two 
surfaces of platina to a battery of 500 pairs of plates, an olive 
brown matter began immediately to appear on the negative sur- 
face, and gradually increased in quantity. This substance was 
found not to be acted on by water, but to dissolve with efferves- 
cence in warm nitric acid. When heated to redness on platina, 
it burned slowly, and boracic acid was regenerated. Hence the 
name of boron has been applied to it. H. 1 . 355. 

749. This substance is also obtained by heating in a copper tube 
two parts of the metal called potassium, with one of boracic acid 
previously fused and powdered. In this experiment the boracic 
acid, which consists of boron and oxygen, is decomposed by 
the potassium. The fused matter is washed out of the tube 
with water, and the whole put upon a filter. The boron remains 
in the form of a brown, insipid, insoluble powder, unaltered 
by exposure to air at common temperatures, but when heated to 
600° it burns with much brilliancy, especially in oxygen gas, 
and produces boracic acid. It is a non-conductor of electri- 
city. 

750. Boracic acid is usually obtained by dissolving the salt 
called borax in hot water, and subsequently adding half its 
weight of sulphuric acid ; as the solution cools, white scaly 
crystals appear, which, when washed with cold water are nearly 
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tasteless, and which consist of boracic acid combined with water 
and retaining a little sulphuric acid, which it loses by exposure 
to a strong red heat, and fuses into a glass. 

Boracic acid is very difficultly soluble in water; the solution 
reddens vegetable blues, but possesses the singular property of 
rendering the yellow of turmeric brown, in the manner of an 
alkali. Its solution in spirit of w r ine burns with a green flame, 
wine burns with a green flame. This afcid was first obtained by 
Homberg, in 1702, and was used in medicine, under the name 
of Homberg’s Sedative Salt. Its nature 'tott^irst shown by 
Davy. 

751. The experiments upon the composition or boracic acid 
are much at variance. Berzelius's determination probably ap- 
pears nearest to truth : He regards it as containing 1 boron +3 
oxygen. (Thomson’s System . Vol. i. p. 249, 5th edit.) If, 
therefore, we consider it as consisting of 1 proportional of boron 
and 2 of oxygen, the number representing boron will be 6, and 
boracic acid will consist of 

1 Boron 6 
t Oxygen 16 

Boracic acid 22 

752. Native boracic acid has been found in the Lipari 
islands, and also in the hot springs of Sasso, in the Florentine 
territory ; hence the term Sassolin applied to it by some min- 
eralogists. 

753. The boracic acid forms, with ammonia, a Borate of 
ammonia , composed according to Berzelius (Annuls of Phi- 
losophy, iii. 57,) of 

37,95 Acid 
30,32 Ammonia 
31,73 Water 

754. Boron burns in chlorine, but the chloride has not been 
examined, nor have its other compounds been investigated. 


CHAPTER IV. 

or THE METALS, AND THEIR COMBINATIONS. 

755. The metals constitute a numerous and important class 
of simple substances; many of them were diligently examined 
by the older chemists, who have left us valuable information 
concerning them; many are of more recent discovery; and the 
existence of several others has been demonstrated within the 
last twenty years* 


Composition. 
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The metals are forty-two in number. 


1 

Gold "I 


Discovered by. 

Date. 

2 

Silver 




3 

Copper 




4 

Iron 

>■ 

Known since the remotest antiquity. 

5 

Mercury 




6 

Tin 




7 

Lead 




8 

Zinc 


Known to Paracelsus, who died 

1541”) 

9 

Bismuth 


Described by Agricola 

1520 *> 

10 

Antimony 


“ “ Basil Valentine 15thcent. 3) 

11 

12 

Arsenic } 
Cobalt 5 


Brandt 

1733*> 

13 

Platinum 


Wood, assay master, Jamaica 

1741< s > 

14 

Nickel 


Cronstedt 

1751 (6 > 

15 

Manganese 

Gahn and Scheie 

1174 '-'*) 

16 

Tungsten 


M. M. Delhuyart 

178i(*> 

17 

Tellurium 


Muller 

1782 

18 

Molybdenum 

Do. and Hielm 

1782 

19 

Uranium 


Klaproth 

1789 

20 

Titanium 


Gregor 

1781 

21 

Chromium 


Vauquelin 

1797W 

22 

Columbium 

Hatchett 

1802' ,0 > 

23 

24 

Palladium 

Rhodium 

\ 

Wollaston 

1803!»> 

25 

Iridium 


Descostils and Tennant 

1803 

26 

Osmium 


Tennant 

isosi’ 1 ' 

27 

Cerium 


Hisinger and Berzelius 

1804C*) 

28 

29 

Potassium 

Sodium 

i 

Sir H. Davy 

1807 

30 

Lithium 


Arfwedson 

1818 

31 

Barium 

*\ 

. 


32 

Calcium 




33 

Strontium 




34 

Magnesium 



35 

Silicium 

1 

> Sir H. Davy 


36 

Alumium 



37 

Yttrium 




38 

Glucium 




39 

Zirconium 




40 

41 

Thorinum 

Selenium 

1 

► Berzelius 1815 — 17 

> 

42 

Cadmium 


Stromeyer 

1818 

756. 

Of these metals the first seven were known 

in very 


remote ages. The ancients designated them by the names of 

(1) Pliny, Lib. **iiv cap. 2 and JO. (*) Mentioned in » he Btrmannui of Agricola written about 
1690. (3) Cum»* t • umphahs Jfritimonii. 4 Arta Upsal I7J3 and 4 - (6) Phil Trans Vol. 

*liv. (6) Stockholm Traiu. (7) Bergman*# Opuscula, Vol. ii. (8) Mtmoirts dt 7Wowi. (V 
AnnaUs dc Chimie, \ ol. xxv. (10) Phil* T rant. (11) PkiL Trans. (12) Gehleo*s Jmr. ii. 
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the planets, to which they were supposed to have some myste- 
rious relation ; and each was denoted by a particular symbol, 
representing both the metal and the planet. 

Gold was the Sun, and was thus represented 0 

Silver . . Moon ) 

Mercury . Mercury 9 

Copper . . Venus ........ S 

Iron . . Mars S 

Tin . . . Jupiter ^ 

Lead . . Saturn b 

757. The metals seldom occur in the earth in a pure, or as it 
is termed by mineralogists, in a native state ; but almost always 
united with other substances, as in the four following classes : — 

i. Native Metals are those which occur pure or alloyed, and 
have but a feeble attraction for oxygen; such as platinum, gold, 
silver, mercury and copper. 

ii. Metals combined with electro-negative substances (245.) Cotnbinea 
The compounds belonging to this class are chiefly native wShEiSctw- 
metallic oxides ; there are also a few native chlorides , but no JJ gjjjj™ 
iodides have hitherto been discovered. The fluorides , of Oxides, *e. 
which there are a few, may also be regarded as belonging to this 

class. 

iii. Metals combined with Electro-positive, or simple acci- — wWbxiee- 
difiable , substances (326.) This class includes the native *nb stances — 
metallic sulpkurets , a very numerous and important series of 8ul i ,hor#u - 
ores, one native carburet only is known, that of iron. There 

are no native hydrurets, phosphurets, nor borurets. 

iv. Metals in combination with acids — Metallic salts . Of —with acid* 
these the most common are the native carbonates , sulphates , 

and phosphates : there are a few native borates; and a few 
species belonging also to this class in which the oxide is united 
to a metallic acid: such as the native arseniates, chromates , 
tungstates , and molybdates . 

758. The metals, as a class, are characterized by a peculiar 
lustre and perfect opacity : they are excellent conductors of 
heat, (118) and of electricity (192.) 

759. They are also excellent reflectors, not only of light but 
of caloric, and hence they are the best materials for the compo- 
sition of burning mirrors. From the experiments of Mr Leslie, 
they appear to possess this property in the following order, the 
highest number denoting the greatest reflecting power. 


Brass 100 

Silver 90 

Tinfoil 85 

Planished block tin 80 

Steel 70 

Lead 60 


Tinfoil softened by mercury 50 

27 
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In general the reflecting power was found by Mr Leslie, to 
be proportionate to the degree of polish (111, 112) and to be 
impaired by every thing that diminished this quality. A tin 
reflector for example, had its reflecting power diminished nine 
tenths by being rubbed with sand paper. Leslie on Heat , p. 98. 

760. There is the greatest difference in the specific gravity 
of the different metals, the heaviest and lightest solids being in- 
cluded in the list. 

The principal metals, arranged according to their specific 
gravities stand as follow: 


Order of spe. 
ci&efrarhies. 


1 Platinum 21,00 

2 Gold 19,30 

3 Iridium 18,68 

4 Tungsten 17,50 

5 Mercury 13,50 

6 Palladium 11.50 

7 Lead 11,35 

8 Rhodium ' . . 10,65 

9 Silver 10,50 

10 Bismuth 9,80 

11 Uranium 9,00 

12 Copper 8,90 

13 Arsenic 8,35 

14 Nickel • . . 8,25 

15 Cobalt 8,00 

16 Iron 7,78 

17 Molybdenum 7,40 

18 Tin 7,30 

19 Zinc 7,00 

20 Manganese 6,85 

21 Antimony 6,70 

22 Tellurium 6,10 

23 Sodium 0,972 

24 Potassium 0,865* 


761. The specific gravity of solids and liquids is always ex- 
pressed in numbers referring to water as = 1 . 

To ascertain the specific gravity of solids we employ a deli* 
Method of do- cate balance, so contrived as to admit of substances being attach- 
ed to one of the scales by means of a horse-hair or a fine thread 
Hr* of silk. The absolute weight of the body thus suspended is 

then very carefully ascertained : it is next immersed in distilled 
0f * oUd *’ water, of the temperature of 60° ; and the beam being again 
brought to an equilibrium, we learn the weight lost by its im- 
mersion ; or, in other words, we ascertain the weight of its 
bulk of pure water. We now divide the sum of its absolute 
weight by that of the weight which it lost in water, and the 
quotient is its specific weight , or gravity, compared with water 
of the temperature of 60° 

•For other neUlt, Ice. see T*bl$$. 
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Suppose a substance, weighing 360 grains, to lose 60 by 
immersion in water, the specific gravity of that substance will 
be=6; for 360-4-60 = 6. 

762. For ascertaining the specific gravity of liquids, we gen- or floia«. 
erally employ a thin phial, fig. 29 holding 1000 grains of distilled p , L 
water, at the temperature of 60°. If filled with any other liquid, 

and weighed, we learn its specific gravity ; thus we should find 
that it would contain 13500 grains of mercury ; 1850 grains of 
sulphuric acid ; 1420 grains of nitric acid, &c., which numbers 
of course represent the specific gravities of those liquids. 

A bottle, however, holding 1000 grains is often inconvenient- 
ly large, and a small and thin globular phial, with a piece of 
thermometer tube ground into it by way of stopper will be 
found more useful : such a phial should not weigh more than 
from 50 to 60 grains, and may contain between 4 and 500 
grains of water. To use it, it should be accurately counterbal- 
anced in a delicate pair of scales, and then filled with distilled 
water, and the stopper thurst in, the capillary opening in which 
allows a little to ooze out, and prevents the likelihood of burst- 
ing the phial; it is then to be wiped clean and dry, and again 
carefully weighed, by which the quantity of water it contains is 
ascertained ; the water being poured out, it is next filled with 
the liquid whose specific gravity is required, taking care that it 
is of the same temperature as the water ; we then weigh as be- 
fore, and divide the weight by the former weight of water, the 
product gives the specific gravity required. Thus, suppose the 
phial to contain 425 grains of water at the temperature of 45°, 
it will be found to hold 5737,5 grains of pure mercury of the 
same temperature ; and 5737,5-*- 425 = 13 ,5 the specific gravity 
of mercury. Or, supposing the liquid lighter than water, such 
as alcohol, of which we may assume the phial to contain 350,5; 
then 350,5-4-425=0,824 the specific gravity of the alcohol 
under trial. 

763. Among the metals, some are malleable , others brittle . 

Malleability, or the capacity of being extended by the ham- M*Ue*bUity. 

mer belongs to the following metals, in the order following : 


Gold 

Silver 

Copper 

Tin 

Cadmium 

Platinum 


Lead 

Zinc 

Iron 

Nickel 

Palladium 


Li«t and or- 
der of malle- 
able Detail. 


Potassium, sodium, and frozen mercury, are also malleable. 
Malleability is one of the most useful properties of the metals. 
In this quality, gold takes place of all the rest. The gold leaf, 
which is sold in books, is so extremely thin, that less than five 
grains cover a surface of about 272} square inches ; and the 
thickness of each leaf does not exceed vrsVfirth part of an inch. 
H. 1. 460. 
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Order of their 
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764. The malleable metals are also ductile ; that is, they 
admit of being drawn out into wires. They are arranged 
according to ductility as follows ; 

Gold Zinc 

Silver Tin 

Platinum * Lead 

Iron Nickel 

Copper Palladium 

7 65. Different metallic wires are possessed of different de- 
grees of tenacity , by which is meant the power of supporting a 
weight without breaking. According to the experiments of 
Guyton Morveau, the following are the weights capable of being 
sustained by wires ^VVths of a line in diameter . — Annates dt 
Chimie , Ixiv. : 


A wire of Iron supports 
Copper . . 

Platinum 
Silver 
Gold . 

Zinc . 

Tin . 

Lead . 


lbs. decimal 
avoird. parts. 

549,250 • 
302,278 
274,320 
187,137 
150,753 
109,540 
34,630 
27,621 


766. Some of the malleable and ductile metals have, also, a 
high degree of elasticity. This property fits them for being 
applied to the mechanical purpose of springs. Steel and iron 
are, in this respect, superior to all other metals. Upon the 
properties of elasticity and hardness, appears also to depend that 
of fitness for exciting sound , for whatever renders metals 
harder and more elastic, increases also their sonorousness. 
Thus bell metal is more remarkable for those properties than 
either tin or copper, which are its constituents. H. 1. 462. 

767. The following metals are brittle : 

Antimony Manganese 

Arsenic Molybdenum 

Bismuth Tellurium 

Cerium Tungsten 

Chrome Titanium 

Cobalt Uranium 

Columbium 

768. None of the metals are very hardy and many so soft as 
to yield to the nail. In the following table some of the 'metals 
are arranged in the order of their hanlness: 


Tungsten 

Palladium 

Manganese 

Iron 

Nickel 

Platinum 

Copper 

Silver 


Bismuth 

Gold 

Zinc 

Antimony 

Cobalt 

Tin 

Arsenic 

Lead. 
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769. The structure or texture of several of the metals ap- Tax**, 
pears to be crystalline . That of iror. developed bv the action 

of solvents, has been shown by Mr Daniel to be fibrous. Bis- 
muth, and antimony have a Jamellated texture ; nickel presents 
a fracture between fibrous and foliated ; and steel is granular. 

Several of the metals, when melted and cooled under favourable 
circumstances, form regular crystals. Thus bismuth, melted in 
a crucible, and suffered to cool becomes covered with a crust, 
and when this is pierced, and the fluid beneath allowed to flow 
out, the cavity is found studded with beautifully regular cubic 
crystals. Arsenic crystallizes in regular tetraedrons, and tita- 
nium in long slender filaments or prisms. H. 1. 462. 

Such are the essential physical characters of the metals; they 
also resemble each other in many of their chemical properties, 
as the following general observations show : 

770. Action of Heat . — The metals are all susceptible of Actioaof 
fusion by heat, but the temperatures at which they liquefy are heal 
extremely various. Mercury is fluid at all common tempera- 
tures, and requires to be cooled to — 39° before it congeals. 

Potassium melts at 150° and sodium at 200° : arsenic at 360° ; 

tin at 450° ; lead at 600° ; zinc at 700° ; and antimony at 800°. 

Silver, gold, and copper require a bright cherry-red heat ; iron, 
nickel, and cobalt, a white heat; manganese and palladium, 
an intense white heat ; molybdenum, uranium, tungsten, and 
chrome, are only very imperfectly agglutinated at the highest 
temperatures of our furnaces ; and titanium, cerium, osmium, 
iridium, rhodium, platinum, and columbium, require the intense 
heat produced by an inflamed current of oxygen and hydrogen, 
or that of Voltaic electricity. 

At higher temperatures than that required for their fusion 
many of the metals are volatile, and may be distilled in close 
vessels. Mercury, arsenic, potassium, tellurium, and zinc, are 
volatile at a dull red heat. Gold and silver are converted into 
vapour when exposed to the intense heat of the focus of a burn- 
ing lens ; and several of the other metals boil and evaporate 
under similar circumstances. It is probable that this would 
happen to all of them, if raised to sufficiently high tempera- 
tures. 

771. Action of Oxygen . — When the metals are exposed at Action of 
ordinary temperatures to the action of oxygen, or of common oxy * tUm 
sir, which produces analogous, though less powerful effects, 

they are very differently affected. If the gas be perfectly dry, 
very few of them suffer any change unless heated in it ; they 
then lose their metallic characters, and form a very important 
series of compounds, the metallic oxides . 

772. A few of the metals resist the action of heat and air so Perfwtoro ^ 
completely,* that they may be kept in fusion in an open crucible bi« metab. 
for many hours without undergoing change. This is the case 

with gold and silver, and a few others ; hence they were called 
perfect or noble metals : they may, however, be oxidized by 
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the Voltaic flame; or by passing a strong electric discharge 
through them, when drawn into very fine wire. 

773. Other metals readily absorb oxygen when exposed to a 
temperature approaching a red heat ; as iron, mercury, nickel, 
fyc. ; others absorb it when in fusion, as lead, tin, antimony, 
4*c. ; others at lower, or even at common temperatures, as 
arsenic, manganese, sodium, potassium, fyc. 

774. That the metals have very different attractive powers in 
regard to oxygen is also shown by the circumstance of one 
metal being frequently oxidized at the expense of another; thus 
the oxide of mercury, heated with metallic iron, produces 
metallic mercury and oxide of iron ; potassium, heated with 
oxide of manganese, becomes oxidized, and metallic manganese 
is obtained. 

775. Some of the oxides are decomposed by mere exposure 
to heat, as those of gold, mercury, fyc. ; others require the joint 
action of heat, and some body having a high attraction for oxy- 
gen, such as charcoal. Thus when oxide of lead is heated with 
charcoal, carbonic acid gas is evolved, and metallic lead obtained. 

776. Each metal has a certain definite quantity of oxygen 
with which it combines ; and where the same metal unites in 
more than one proportion with oxygen, in the second, third, and 
other compounds, it is a multiple of that in the first, consistent 
with the law of definite proportions (69). Thus 100 parts of 
mercury combine with 4 of oxygen to produce the protoxide, 
and with 8 to produce the peroxide . Copper also forms two 
oxides; in the one 12,5 of oxygen are united to 100 of metal, 
and in the other 25. 

777. Among the combinations of metals with oxygen, some 
are insoluble in water, or nearly so, and have neither taste nor 
smell ; others are soluble and sour, constituting the metallic 
acids: others are soluble and alkaline, forming the Jixed'alkalies 
and alkaline earths . They are of all colours, and frequently 
the same metal united to different proportions of oxygen pro- 
duces compounds differing in colour : thus we have the black 
and red oxide of mercury, the white and the black oxide of 
manganese, fyc. 

778. There is a certain state of oxidation, peculiar to the dif- 
ferent metals, in which they are most readily acted upon by the 
several acids. Iron and manganese, for example, at the maxi- 
mum of oxidizement, are altogether insoluble in nitric acid; 
but readily dissolve in it, when combined with a smaller pro- 
portion of oxygen. Even when once brought into combination 
with that acid, the oxide, by attracting a further quantity of 
oxygen from the atmosphere, or from any other source, is 
rated in the state of an insoluble precipitate, which, however, 
does not consist of pur,e oxide, but of the oxide, with a certain 
proportion of acid. This explains the change, which is p^°‘ 
duced in solutions of iron, by keeping them exposed to air. 
The oxides of iron and manganese, saturated with oxyge fl > *** 
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soluble, however, in the less oxygenated acids ; for example, in 
the sulphurous or nitrous, which first deprive the oxide of part of 
its oxgen, and then dissolve the less saturated oxide. H. 1. 472. 

779. Action of Chlorine. — All the metals appear susceptible 
of combining with chlorine, and of producing a class of com- 
pounds which may be termed metallic chlorides. # 

There are a few of the metals which resist the action of chlo- 
rine at common temperatures, but when heated they all com- 
bine with it; some slowly, others rapidly and with intense 
ignition. Copper leaf, powdered antimony, arsenic, fyc., burn 
when thrown into the gas: mercury and iron inflame when 
gently heated in it; silver, gold, and platinum quietly absorb it. 

780. The attraction of chlorine for metals is greater than 
that of oxygen ; consequently, when a metallic oxide is heated 
in chlorine, oxygen is evolved, and a chloride formed. The 
insoluble chlorides are also formed by adding solution of chlo- 
rine, or of muriatic acii, to the apluble metallic salts. Thus 
chloride of silver which is insoluble, is thrown down from the 
soluble nitrate of silver by solution of chlorine, of muriatic acid, 
and of common salt. 

781. The physical and chemical properties of the chlorides 
arc extremely various. They are nearly of all colours. Some 
are unchanged by heat ; others undergo decomposition. Some 
are soluble, others insoluble, in water. Several of them decom- 
pose water, giving rise to the formation of muriatic acid, and 
an oxide ; or in some cases to a muriate. The same metal often 
forms more than one compound with chlorine, and these com- 
pounds are designated as the oxides. Thus we have the proto- 
chloride and perchloride of mercury, fyc. 

782. Many of the metals decompose muriatic acid in which 
case hydrogen is evolved, and a metallic chloride produced : 
and when metallic oxides are heated in muriatic acid, they gen- 
erally give rise to the formation of a chloride and water. 

783. Action of Chloric Acid. — The compounds of the me- 
tallic oxides with chloric acid are decomposed by heat with the 
copious evolution of oxygen, and a chloride generally remains : 
some of these salts have been long known, others only recently 
investigated. The oxychlorates have been scarcely examined. 

784. Action of Iodine. — Iodine aided by heat acts upon 
m *ny of the metals, and produces metallic iodides. Some of 
these are soluble in water without decomposition; others decom- 
pose water and produce hydriodates ; others are insoluble. 
The insoluble iodides may generally be formed by adding a solu- 
tion of iodine or of hydriodic acid to the soluble metallic salts. 

Iodine often combines in more than one proportion with 
metals, forming a protiodide and a periodide. 

785. Action of Iodic Acid. — The compounds of this acid 
Jdh the metallic oxides have been but little examined: they aie 
decomposed by heat, sometimes with the evolution of oxygen 
on v > *1 others, iodine is also given off. 
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Action of by- 7 86. Action of Hydrogen. — Hydrogen forms permanent 

4rofen * compounds with two of the metals only, namely, arsenic and 
tellurium. It appears to combine with each in two proportions, 
forming two solid compounds, the hydrurets or hydrogurets of 
arsenic and tellurium ; and two gaseous compounds, arsenuret - 
ted and tellxuretted hydrogen . At high temperatures it dis- 
solves potassium, forming po l assiuret ted hydrogen gas. 

There are many of (he metallic oxides, and a few of thechlo- 
rides, which are decomposed by hydrogen : the oxides are 
reduced with the formation of water, and the chlorides with the 
production of muriatic acid. 

Action of wa- 787. Action qf Water . — Those metals which are speedily 
ler * acted upon by common air and oxygen, are also generally sus- 
ceptible of decomposing water ; some of them rapidly, others 
slowly. There are some metals which are not acted upon by 
air deprived of moisture, nor by water deprived of air; but 
moist air. or water containing air, effect their oxidizemedt : this 
appears to be the case with iron. — Dr Marshall Hall. Quar- 
terly Journal , vii. 55. 

Water combines with some of the metallic oxides, and pro- 
Hydrated duces hydrated oxides , or metallic hydrates. In these the 
OIldet * relative proportion of water is definite. Some are easily de- 
composed by heat, as hydrate of copper ; others retain water 
even when heated to redness, as hydrate of potassa. 

Action of ni- 788. Action of Nitric Acid. — As no metal is soluble in an 
trie acid. exce pt in the state of oxide, and as the greater number of 

metals are capable of decomposing nitric acid, and of resolving 
it into some of the other nitric compounds, nitric acid is a very 
generally acting solvent of these bodies. It dissolves all the 
metallic oxides and produces a numerous class of nitrates 9 which 
if prepared with heat and with excess of acid, generally contain 
the metal at its maximum of oxidizement. The nitrates are all 
decomposed by a red heat ; they give off oxygen, either sepa- 
rate, or combined, and the metallic oxide remains. They are 
also decomposed when heated with sulphur, phosphorus, or char- 
coal; and sulphurous, phosphoric, and carbonic acids are form- 
ed ; the phosphoric, being a fixed acid, remains united to the 
metallic oxide; while the sulphurous and carbonic acids are 
usually expelled. The nitrates are decomposed by sulphuric 
acid, nitric acid is evolved, and sulphates are formed. 

Porportioa 789. In the neutral nitrates the proportion of oxygen in the 
•f o-ypn to ac id j s t 0 that in the base as 5 to 1. Thus in the nitrate of 
trmtea. potassa 48 parts of potassa, containing 8 of oxygen, are com- 
bined with 54 of nitric acid, containing 40 of oxygen ; and in 
the pernitrate of copper, 80 parts of peroxide of copper con- 
taining 16 of oxygen, are combined with 108 of nitric acid, 
* containing 84 of oxygen. . 

Actio* of •»- 790. Action of Ammonia. — At high temperatures some o 

monu. the metals are capable of decomposing ammonia. Liquid am- 
monia dissolves several of the metallic oxides, and with some 
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of them forms crystallizable compounds. The compounds of 
ammonia with the oxides of gold, silver, and platinum, detonate 
when heated, and the oxide and the ammonia are both decom- 
posed. 

791. Action of Sulphur . — All the metals appear capable of 
forming sulphurets . These are in some cases formed by heat- 
ing the metal with sulphur ; in others, by decomposing the sul- 
phites; and in others, by the action of sulphuretted hydrogen. 

The sulphurets are in general brittle; some have a metallic 
lustre; others are without lustre. Some are soluble, others 
insoluble iq water. When the same metal forms two sulphurets, 
thesulphor in those containing the largest proportion is an exact 
simple multiple of the sulphur in those containing the smallest 
proportion. When the metallic sulphurets are heated, some 
undergo no change, as those of sodium and potassium ; others 
sublime unaltered, as sulphuret of mercury ; others lose a por- 
tion of their sulphur, and if air be admitted, sulphurous acid 
escapes and the metal passes into the state of oxide, as sulphuret 
of lead ; others again are entirely decomposed, the metal being 
completely reduced ; this happens on heating sulphuret of plati- 
num or of gold. It is doubtful whether any definite compounds 
of sulphur with the metallic oxides exist. 

792. Hyposulphurous acid combines with the metallic oxides Hypoiul _ 
and produces a class of salts termed hyposulphites . Several of r hiu# - 
these have been examined by Mr Herschel ( Edinburgh Phi- 
losophical Journal , i.) In some of their characters they 
resemble the sulphites : they are easily soluble ; of a bitter or 
sweet taste; and decomposed by a heat below redness, and bv 
almost all other acids. Their solutions readily dissolve chloride 

of silver. 

793. Sulphurous acid combines with many of the metallic Sulphite*, 
oxides, producing sulphites ; in some instances oxygen is trans- 
ferred from the oxide to the acid, and sulphates result. 

The sulphites are soluble in water, and have a sulphurous 
taste and smell. Exposed to moist air, they absorb oxygen, 
and pass into the state of sulphates. They are decomposed by 
sulphuric acid, which expels sulphurous acid, and the salts are 
converted into sulphates. When perfectly pure they are not 
affected by solution of baryta. 

794. Hyposulphuric acid forms with the metallic oxides a Hypo#oU 
class of hyposulphates which have been very imperfectly ex- pfc***- 
amined. They do not afford precipitates with solution of baryta. 

795. Sulphuric acid> in its concentrated state, is acted upon 
by a few of the metals only ; when diluted, some of them are 
oxidized at the expense of the water, hydrogen is evolved, and 
the metallic oxide combines with the acid, producing a sulphate . 

In these cases the hydrogen evolved is the indicator of the 
quantity of oxygen transferred to the metal ; every volume of 
hydrogen is the equivalent of half a volume of oxygen, and 
accordingly the production of 100 cubic inches of hydrogen, 

28 
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indicates the transfer of 50 of oxygen, or by weight of about 
17 grains. As different metais unite to different weights of 
oxygen, they will obviously evolve different quantities of hy- 
drogen. Thus, if one metal, to become soluble in sulphuric 
acid, require to be united with 15, and another with 30 per 
cent of oxygen, the latter will evolve twice the volume of 
hydrogen, compared with the former. 

As the evolution of hydrogen, during the solution of a metal 
in dilute sulphuric acid, is referable to its oxidizement, no hy- 
drogen will be evolved by the action of the acid upon an oxide, 
but it will be merely dissolved. 

The sulphates are an important class of salts. The greater 
number of them are soluble in water, and the solutions are 
rendered turbid by solutions of baryta. They are all decom- 
posed at a red heat by charcoal, and most of them are thus con- 
verted into sulphurets; carbonic acid, and carbonic oxide, being 
at the same time evolved. 

In the neutral sulphates the proportion of oxygen in the acid 
is to that in the base as 3 to 1, Thus sulphate of soda is com- 
posed of 32 soda containing 8 of oxygen, combined with 40 of 
sulphuric acid containing 24 of oxygen. 

796. Action of Sulphuretted Hydrogen . — It seems doubt- 

ful whether any of the metals combine with sulphuretted hydro- 
gen. It unites with several of their oxides, and forms hydro- 
sulphuretted oxides. Many of these compounds are insoluble, 
and may be formed by adding a solution of sulphuretted hydro- 
gen, or of hydrosulphuret of ammonia, to solutions of the respec- 
tive metallic salts. Sometimes, however, a decomposition is 
effected in these cases, both of the sulphuretted hydrogen and 
of the oxide, and a metallic sulphuret is formed, the hydrogen 
combining with the oxygen of the oxide to form water, and the 
sulphur uniting to the metal. In a few cases the metallic oxide 
is reduced. — For the effect of sulphuretted hydrogen and of 
hydrosulphuret of ammonia upon solutions of several of the 
metals, as far as colour of the precipitate is concerned, see 
Tables. 4 

797. Action of Phosphorus. — Phosphorus combines with 
the greater number of the metals, forming a series of metallic 
phosphurets . There are two methods of forming them ; either 
by heating a mixture of phosphorus and the metal, or project- 
ing phosphorus upon the metal previously heated to redness; or 
by heatipg a mixture of the metal or its oxide, with phosphoric 
acid and charcoal. These phosphurets have a metallic lustre; 
if they contain a difficultly fusible metal they are more fusible 
than the metal they contain ; if an easily fusible metal, less 
so. They are mostly crystal lizable, and totally or partially 
decomposable at a high temperature. The greater number 
of the phosphurets Jiave only been examined by Pelletier. 
— Annales de Chimie , Tom. i. et xiii. and Mimoirts et ob- 
servations de Chimie . 
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798. The metallic phosphates may be formed either by dis- Pho*phat««. 
solring the oxides in phosphoric acid, or by adding a solution 

of phosphoric acid, or of an alkaline phosphate, to solutions of 
those metals which form insoluble or difficultly soluble phos- 
phates. The greater number of the phosphates are decomposed 
by ignition with charcoal ; and those containing volatile oxides 
are volatilized at h>gh temperatures. 

In the neutral phosphates the quantity of oxygen in the acid 
is to that in the base as 2 to 1. Thus phosphate of soda consists 
of 32 soda containing 8 oxygen, and 28 phosphoric acid contain- 
ing 16 of oxygen. 

799. When phosphorus is introduced into the solutions of 
those metals which have but a feeble attraction for oxygen, it Ezp * 
reduces them to the metallic state. Thus gold, silver, and plati- 
num are thrown down by immersing a stick of phosphorus into 
their respective solutions. 

800. Action of Carbon . — Carbon unites to very few of the 
metals, and of the metallic carburets, one only is of importance 
namely carburet of iron, or steel . 

801. Carbonic acid unites with the greater number of the 
metallic oxides and forms Carbonates , of which the distinctive cwb od*u«. 
characters have already been noticed ; many of them are of 
difficult solubility, and may be formed by adding an alkaline 
carbonate to the metallic solution. Of the carbonates some 

are entirely, and others only partially decomposed at a red 
heat Carbonate of magnesia, for instance, loses the whole of 
its carbonic acid at a red heat ; carbonate of potassa retains it ; 
and bi-carbonate of potassa loses one-half and passes into the 
state of carbonate. 

802. The action of Boron upon the metals has not been Action of 
investigated, though it appears from the experiments of Desco- Boron * 
tils, (Recherches Physico-chymiques de M. M. Gay-Lussac 

et Thenard) to be capable of uniting to platinum and iron. 

These compounds may be called borurets . The metallic borates 
ire numerous but mostly unimportant. Many of them are 
insoluble and easily formed by adding solution of boracic acid, 
or a soluble borate to the metallic solution. 

803. Action of Metals upon each other . — The metals may Action of me- 
forthe most part be combined with each other, forming a very Jlh e u r ! K,neacb 
important class of compounds, the metallic alloys . 

In the new nomenclature, the word alloy is retained as a M io 7 ». 
general term for all combinations of metals with each other ; 
and the specific name is derived from that of the metal, which 
prevails in the compound. Thus in the alloy of gold with 
silver, the gold is to be understood as being in greatest propor- 
tion ; in the alloy of silver with gold , the silver is the princi- 
ple ingredient. 

804. The compounds of mercury with other metals, at a 

very early period of chemistry, were called amalgams, and as AatUgm. 
the name does not lead to any erroneous notions, it may still 
be retained to denote this sort of alloy. H. 1. 491. 
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805. Various processes are adopted in the formation of alloys 
depending upon the nature of the metals. Many are prepared 
by simply fusing the two metals in a covered crucible; but if 
there be a considerable difference in the specific gravity of the 
metals, the heavier will often subside, and the lower part of the 
bar or ingot, will differ in composition from the upper; this 
may be prevented by agitating the alloy till it solidifies. Mr 
Hatchett found that when an alloy of gold and copper was cast 
into bars, the moulds being placed perpendicularly, the upper 
part of the bar contained more copper than the lower. — Phil. 
Trans. 1803. 

When one of the metals is very volatile, it should generally 
be added to the other after its fusion ; and if both metals be 
volatile, they may be sometimes united by distilling them 
together. 

It has been a question whether alloys are to be considered as 
compounds, or as mere mixtures ; but their properties leave 
little doubt of their being real compounds, and in some cases 
they are found to unite in definite proportions only ; and it is 
probable that all the alloys contain a definite compound of the 
two metals. 

806. The principal characters of the alloys are the following: 

i. We observe a change in the ductility, malleability, hard- 
ness, and colour. Malleability and ductility, are usually im- 
paired, and often in a remarkable degree : thus gold and lead, 
and gold and tin, form a brittle alloy. The alloy of copper and 
gold is harder than either of its component parts; and a minute 
quantity of arsenic added to copper, renders it white. 

ii. The specific gravity of an alloy is rarely the mean of its 
component parts; in some cases an increase, in others a dimi- 
nution of density having taken place. 

iii. The fusibility of an alloy is generally greater than that of 
its components. Thus platinum, which is infusible in our com- 
mon furnaces, forms, when combined with arsenic, a very fusi- 
ble alloy ; and an alloy of certain proportions of lead, tin, and 
bismuth is fusible at 212°, a temperature several degrees below 
the melting point of its most fusible constituent. 

iv. Alloys are generally more oxidizable than their constitu- 

ents taken singly ; a property which is, perhaps, partly refera- 
ble to the formation of an electrical combination. Where an 
alloy consists of two metals, the one easily and the other diffi- 
cultly oxidizable, it may be decomposed by exposing it to the 
action of heat and air, the former metal being converted into 
an oxide ; its last portions, however, are often not easily sep- 
arated, being protected by combination with the least oxidab le 
metal. An alloy of three parts of lead and one of tin is ton- 
nitely more oxidizable than either of its components, and easily 
burns at a dull red heat. > . . 

v. The action of acids on alloys may generally be anticipate 
by a knowledge of their effects upon the constituent metals , 
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but if a soluble metal be alloyed with an insoluble one, the 
former is often protected by the latter from the action of an 
acid. Thus, silver alloyed with a large quantity of gold, resists 
tbe action of nitric acid in consequence of the insolubility of 
the latter metal in that acid ; and, in order to render it soluble, 
it is requisite that it should be made to form about a fourth part 
of the alloy, in which case the nitric acid extracts it, and leaves 
tbe gold in an insoluble film or powder.* 

807. Various classifications of the metals have been adopted 
by chemical authors; some dependent upon their physical, 
others upon their chemical properties. The former can scarcely 
be considered as adapted to chemical inquiry, and the latter 
involve numerous difficulties in consequence of the gradual 
transition of metals of one class into those of another. We may 
consider the metals in the order in which they are set down in 
the following Table, and which is nearly that of their respec- 
tive attractions for oxygen. 


1 

Potassium 

— 



2 

Sodium 

23 

Arsenic 


3 

Lithium 

24 

Molybdenum 


4 

Calcium 

25 

Chromium 


5 

Barium 

26 

Tungsten 


6 

Strontium 

27 

Columbium 


7 

Magnesium 

— 





28 

Nickel 


8 

Manganese 

29 

Mercury 


9 

Iron 

30 

Osmium 

Metals in tbr 
order of thrir 

10 

Zinc 

31 

Iridium 

attractions for 

11 

Tin 

32 

Rhodium 

oxygen. 

12 

Cadmium 

33 

Palladium 


— 


34 

Silver 


13 

Copper 

35 

Gold 


14 

Lead 

36 

Platinum 


15 

Antimony 

— 



16 

Bismuth 

37 

Silicium 


17 

Cobalt 

38 

Alumium 


18 

Uranium 

, 39 # 

Zirconium, 


19 

Titanium 

40 

Glucium 

• 

20 

Cerium 

41 

Yttrium 


21 

Tellurium 

42 

Thorinum 


22 

Selenium 





Of these metals the first seven produce alkaline oxides which 
*** very difficult of reduction; and they rapidly decompose 
water at all temperatures, a character which announces their 
powerful attraction for oxygen ; the next five decompose water 
when their temperature is raised to redness: the ten following 
«o not decompose water at a red heat; nor do the next five, 
which produce acids by uniting to oxygen. The oxides of these 

* Tbb constitutes tbe proeec* celled Qnarfatien. 
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twenty-seven metals are not reducible by heat alone, though 
some of them, when heated, give out a portion of oxygen. The 
nine metals which next follow, osmium excepted, have a com- 
paratively feeble attraction for oxygen ; and when their oxides 
are heated, they are reduced to the metallic state. The last six 
metals are placed in the list from analogy; they are only known 
in the state of oxides, which have not hitherto been reduced. 


Section I. Potassium. 

808. This metal was discovered in 1807 by Sir*H. Davy 
( Philos . Trans . 1808.) He obtained it by submitting caustic 
potassa, or potash, to the action of Voltaic electricity: the metal 
was slowly evolved at the positive pole. 

809. To this discovery and others of a similar kind Sir H. 
Davy was led by a train of inductive reasoning, which is not 
surpassed by any investigation in the history of the physical 
sciences. From the facts which had become known respecting 
the powers of electrical decomposition, it appeared to be a 
natural inference, that the same powers applied in a state of the 
highest intensity, might disunite the elements of some bodies, 
which had resisted all other instruments of analysis. If potassa, 
for example were an oxide, composed of oxygen united to an 
inflammable base, it seemed probable that when subjected to the 
action of opposite % electricities, the oxygen would be attracted 
by the positive wire and repelled by the negative. At the same 
time, the reverse process might be expected to take place with 
respect to the combustible base, the appearance of which might 
be looked for at the negative pole. 

810. In his first experiments, suggested by these views, 
Sir II. Davy failed to effect the decomposition of potash, owing 
to his employing the alkali in a state of aqueous solution, and to 
the consequent expenditure of the electrical energy in the mere 
decomposition of water. In his next trials, the alkali was 
liquefied by heat in a platinum dish, the outer surface of which, 
immediately under’the alkali, was connected with the zinc or 
positive end of a battery consisting of 100 pairs of plates, each 
six inches square. In this state the potash was touched with a 
platinum wire proceeding from the copper or negative end of 
the battery; when instantly a most intense light was exhibfted 
at the negative wire, and a column of flame arose from the point 
of contact, evidently owing to the developement of combustible 
matter. The results of the experiments could not, however, be 
collected, but were consumed immediately on being formed. 

811. The chief difficulty in subjecting potassa to electrical 
action is, that, in a perfectly dry state, it is a complete non- 
conductor of electricity. When rendered, however, in the least 
degree moist by breathing on it, it readily undergoes fusion and 
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decomposition, by the application of strong electrical powers. 
For this purpose, a piece of potash, weighing from 60 to 70 
grains, may be placed on a small insulated plate of platinum, 
and may be connected, in the way already described, with the 
opposite end of a powerful electrical battery, containing not 
less than 100 pairs of six inch plates. On establishing the con- 
nexion, the potash will fuse at both places, where it is in con- 
tact with the platinum. A violent effervescence will be seen at 
the upper surface, arising, as Sir H. Davy has ascertained, from 
the escape of oxygen gas. At the lower or negative surface, 
no gas will be liberated; but small bubbles will appear, having 
a high metallic lustre, and being precisely similar in visible 
characters to quicksilver. Some of these globules burn with 
an explosion and bright flame; while others are merely tarnish- 
ed, and are protected from farther change by a white film, which 
forms on their surface. 

This production of metallic globules is entirely independent 
of the action of the atmosphere ; for Sir H. Davy finds, that 
they may be produced in vacuo. 

812 To preserve this new substance, it is necessary- to im- 
merse it immediately in pure naptha, a fluid which will be de- 
scribed in a subsequent part of the work. If exposed to the 
atmosphere, it is rapidly converted back again into the state of 
pure potassa. To prevent its oxidation still more effectually, 
Mr Pepys has proposed to produce it under naptha ; and has 
contrived an ingenious apparatus for this purpose, which is 
described in the 31st volume of the Philosophical Magazine , 
page 241. 

813. Nothing can be more satisfactory than the evidence 
furnished by these experiments, of the nature of one of the 
fixed alkalies. By the powerful agency of opposite electricities, 
it is resolved into oxygen and a peculiar base. This base 
like other combustible bodies, is repelled by positively electri- 
fied surfaces, and attracted by negative ones ; and hence its own 
natural state of electricity must necessarily be positive. Again, 
by uniting with oxygen, it is once more changed into alkali, 
either slowly at ordinary temperatures ; or with heat and light, 
at high temperatures. We have the evidence, therefore, both 
of analysis and synthesis, that potassa is a compound of oxygen 
with a peculiar inflammable basis. 

814. In assigning to this newly discovered substance a fit 
place among the objects of chemistry, Sir H. Davy was induced 
to class it among the metals, because it agrees with them in 
opacity, lustre, malleability, conducting powers as to heat and 
electricity, and in its qualities of chemical combination. The 
only property which can be urged against this arrangement, is 
its extreme levity, which even exceeds that of water. But when 
we compare the differences which exist among the metals them- 
•®lves, this will scarcely be considered as a valid objection. 
Tellurium, for example, which no chemist hesitates to consider 
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as a metal, is only about six times heavier than the base of 
potassa, while it is four times lighter than platinum ; thus form- 
ing a sort of link between the old metals and the bases of the 
alkalies. 

815. In giving names, therefore, to the alkaline bases, Sir H. 
Davy has adopted that termination, which, by common consent, 
has been applied to other newly discovered metals, and which, 
though originally Latin is now naturalized in our language. 
The base of potassa he has called potassium, and the base of 
soda, sodium ; and these names have met with universal accep- 
tion among chemical philosophers. 

816. Process for preparing Potassium. — It is not, how- 
ceM«» KTobw eyer > by electrical means only that the decomposition of potassa 
taining pota»- has been accomplished. Soon after Sir H. Davy’s discoveries 
*m«, were known at Paris, Messrs Gay-Lussac, and Thenard* suc- 
ceeded in their attempts to decompose both the fixed alkalies, 
without the aid of a Voltaic apparatus, merely by the interven- 
tion of chemical affinities. Their process, though it affords the 
alkaline bases of less purity, yields them in much larger quan- 
tity, than the electrical analysis, viz. to the amount of nearly 
400 grains by one operation. It consists in bringing the alkalies 
into contact with intensely heated iron, which, at this tempera- 
ture, attracts oxygen more strongly than the alkaline base 
retains it. 

817. The apparatus used for obtaining potassium, has agen- 
Apparatus for eral resemblance to that which is employed for decomposing 

^ water by means of iron. It consists of a gun-barrel curved as 
in fig. 120, which is copied from Thenard’s Traitide Chimie. 
At one end the barrel is drawn out to rather a smaller diameter; 
and, before being used, it is to be covered between b and/, with 
a lute of infusible clay, — (the lute may consist of five parts 
sand and one potters clay — ) which should be suffered to dry 
thoroughly. Into the barrel between /and b> clean iron turn- 
ings are to be introduced, and between a and b pieces of solid 
hydrate of potassa. A tube of safety is to be luted to the end 
a 9 and is to be immersed in mercury in the glass vessel m. 
To the smaller end of the barrel, a short piee^of copper tube, 
g, is accurately ground, and to this last a small copper receiver, 
A, destined to collect the potassium, is fitted by grinding. To 
the other end of A, a tube of safety, t, is to be luted, and made 
to dip into mercury contained in the vessel /, but to a less depth 
than the safety tube m. 

A strong heat, is now to be raised in the furnace, and, while 
this is doing, the part of the barrel containing the potassa, as 
well as the end /, and the attached copper tube and receiver, 
should be kept cool by wet cloths. If gas now issues abundantly 
through the safety tube *, the junctures may be concluded to be 
tight. When the barrel has become white hot, the potassa may 
be melted by burning charcoal contained in a moveable cage k. 

* Annalcs ChimU, lxr. 335 ; or JdmMin d'drcuril, ii. 899. 
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It will then flow upon the intensely ignited iron turnings, and 
a large quantity of hydrogen gas, holding some potassium in 
solution, will issue through the safety tube, t. The cage may 
now be removed for a short time 5 and, when the production of 
gas slackens, it may be restored to its place. These operations 
may be repeated alternately till no more gas is evolved ; after 
which the heat in the furnace should be made as intense as pos- 
sible, in order to drive off some of the potassium which strongly 
adheres to the iron turnings. If the escape of the gas through 
t should at any time cease during the operation, and take place 
through m, this will probably be owing to a lodgment of potas- 
sium at the end /, of the barrel, from which it may be melted 
into the copper receiver, by holding a little red-hot charcoal 
under the part where it has condensed. The principle diffi- 
culty in the process of decomposing p'otassa, is to excite suffi- 
cient heat without melting the gun-barrel ; and to this object 
the attention of the operator must be carefully directed, through- 
out the whole manipulation. 

At the close of the operation, as soon as the vessels g and h 
are sufficiently cool, they are to be removed, then filled with 
naptha, emptied again, and quickly stopped with corks. As a 
portion of potassium generally remains in the portion f y the 
barrel should also be plugged by an iron stopper provided for 
the purpose. When sufficiently cold it may be removed from 
the furnace, and a little naptha passed through it. The potas- 
sium must be detached in as large pieces as possible from the 
barrel, and from the copper receiver, and be kept under recti- 
fied naptha in a well-stopped phial. 

818. When the iron turnings are very clean, the potash very 
dry and pure, and the whole apparatus free from foreign matters, 
the metal produced differs very little from that obtained by a 
Voltaic battery. Its lustre, ductility, and malleability are simi- 
lar. Its point of fusion and specific gravity, however, are a 
little higher ; for it requires nearly 130° Fahr. to render it per- 
fectly fluid, and is to water as 796 to 1000 at 60° Fahrenheit. 
This Sir H. Davy ascribes to contamination with a minute pro- 
portion of iron. The affinities, indeed, by which the decom- 
position is produced, he supposes to be those of iron for oxygen, 
of iron for potassium, and of potassium for hydrogen. H. 
1. 407. 

Mr Tennant’s apparatus by which we can obtain potassium 
with the heat of a common forge, fig. 121 , consists of a gun 
barrel a, eighteen inches long, closed at one end, and whose 
thickest part is widened by means of a hammer ; it is coated 
externally with a lute similar to that mentioned in the preced- 
ing apparatus ; the mixture of potash and cuttings of iron 
proper to furnish the potassium is introduced, and the tube is 
fixecj with a certain inclination in a reverberatory furnace or 
forge/; in the upper part of the barrel is inserted a narrower 
tube /, seven or eight inches long, having a small hole at its 
29 


Mr Tennant's 
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lower end, in which the vaporized potassium ought to pass : 
this tube should not be entirely inserted in the former ; about 
an inch should extend beyond it, in order to remove it with 
more ease * at its upper end an empty tube t>, is fixed and closed 
with a cork, through which passes a bent glass tube r, in which 
a little mercury is put The part of the tube c, d, which is out 
of the furnace, should be kept in wet linen or brown paper, to 
facilitate the condensation of the metal. Things being so dis- 
posed, a strong heat is applied about an hour, and the potassium 
is obtained in the tube /. 

819. Charcoal, it has been ascertained by Curaudau,* maybe 
employed also, for the decomposition of the alkalies. To 
ensure success in the process, great attention, it appears, is 
necessary to the manipulations, which are fully described in the 
memoir of the inventor. The fact sufficiently explains an ob- 
servation of Professor Woodhouse.t A mixture of half a 
pound of soot and two ounces of pearlash was exposed, for two 
hours, in a covered crucible to an intense heat. When the 
mixture became cold.it was emptied upon a plate, and a small 
quantity of water poured upon it, when it immediately took 
fire. This could only be owing to the conversion of part of 
the potassa into potassium. H. 1. 503. 

820. Potassium is a white metal of great lustre. It exists in 
small globules, which possess the metallic lustre, opacity, and 
general appearance of mercury ; so that when a globule of 
mercury is placed near one of potassium the eye can discover 
no difference between them. It instantly tarnishes by exposure 
to air. It is ductile, and of the consistency of soft wax. 

Its specific gravity is 0,865. At 150° it enters into perfect 
fusion ; and at a bright red heat rises in vapour. At 32° it is a 
hard and brittle solid. If heated in air it burns with a brilliant 
white flame. It is an excellent conductor of electricity and of 
heat. 

821. Potassium and Oxygen . — When potassium is thrown 
into water, or upon a piece of ice, it instantly takes fire; hydro- 
gen gas is evolved, and oxide of potassium , or potassa , is 
found dissolved in the water. — The quantity of hydrogen evolv- 
ed in this experiment becomes the indicator of the proportion 
of oxygen which has been transferred to the metal ; 100 parts 
of potassium are thus found to absorb 20 of oxygen ; and if 
this be considered a protoxide, then 20 : 100 : : 8 : 40,— so 
that 40 will be the number representing potassium, and 40 P. 
+ 8 0 . = 48 will represent dry oxide of potassium. (B) — When 
water is made to act on the base of potassa, atmospheric air 
being excluded, there is much heat and noise, but no luminous 
appearance, and the gas evolved is pure hydrogen. Each grain 
of potassium, by acting on water, detaches about 1,06 cubic 
inches of hydrogen gas. H. 

822. The production of alkali, by the action of water on 
potassium, is most satisfactorily shown, by dropping a globule 

* JTickoUon'i Journal , xxir. 87. t Nicholson'* Journal , xxi. 290. 
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of the metal upon moistened paper, which has been tinged with 
turmeric. At the moment when the globule comes into con- Kxp . 
tact with the paper, it burns, and moves rapidly, as if in search 
of moisture, leaving behind it a deep reddish-brown trace, and 
acting upon the paper exactly like dry caustic potassa. So 
strong, indeed, is the affinity of potassium for oxygen, that it 
discovers and decomposes the small quantities of water contain- 
ed in alcohol and ether, even when carefully purified, and dis- 
engages from both these fluids, hydrogen gas. H. 1. 505. 

823. Potassa, in the state it is usually met with in labora- p otmm . 
tones, contains a considerable portion of water, from which it 

may be freed by the action of iron at high temperatures, and 
there always remains in the barrel, after the above experiment, 
a large portion of dry potassa . It is a hard grey substance, 
which, by water, is slowly converted into the hydrated oxide , 
or caustic potash, which may be obtained by evaporation. This 
substance, after exposure to a red heat, is white and very soluble 
in water; it may be considered as a compound of 1 proportional 
of protoxide of potassium = 48 + 1 proportional of water 9, 
and its number = 57. 

824. Peroxide of Potassium. — If the metal be heated in con- ^ 
sideroble excess of oxygen, it burns with intense heat and light, er °* 1 *’ 
and an orange-coloured substance is obtained, which consists of 

40 potassium + 24 oxygen = 64. This peroxide of potassium, 
when put into water, effervesces, oxygen is given off and a 
solution of the hydrated protoxide is obtained. Peroxide of 
potassium is also formed by passing oxygen over potassa heated 
to redness. 

825. The hydrated protoxide or caustic potash , is procured 
in our laboratories by decomposing its carbonate by lime. The 

best process consists in boiling in a clean iron vessel, carbonate p°“** 
of potassa, (obtained by calcining tartar) with half its weight of 
pure quick-lime, in water. The ley is strained through clean 
linen, concentrated by evaporation, again strained, and set by 
in a well-stopped bottle till it admits of being decanted clear 
from the sediment. The clear solution is to be evaporated to 
dryness. It is often cast into sticks for the use of surgeons, 
who employ it as a caustic, and in this state it generally con- 
tains some peroxide, and therefore evolves oxygen when dis- 
tolved in water. It is the potassa fusa of the London PAar- 
macopceia. It may be further purified by the action of alcohol, 
which dissolves the pure hydrate and leaves earthy and other 
impurities; the alcohol is then driven off by heat. In this case 
the alcohol is always in some measure acted upon by the potassa, 
and a portion of carbonaceous matter deposited, so that it should 
be allowed to remain as short a time as possible combined with 
the alkali. Having obtained the dry caustic alkali by lime, it 
may be boiled in a silver basin with highly rectified alcohol for 
* few minutes, and then set by in a stopped phial ; when the 
impurities are deposited, the alcoholic solution may be poured 
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off and rapidly evaporated to dryness in a silver basin as before: 
the heat may then be raised so as to fuse the potassa, which, 
on cooling, should be broken up and preserved in well-closed 
phials.* 

Hydrate of Potassa thus purified is white, very acrid and 
corrosive, and at a bright red heat evaporates in the form of 
white acrid smoke. It quickly absorbs moisture and carbonic 
acid from the air, and at 60° one part of water dissolves two. 
It may be crystallized in octoedrons. It is highly alkaline, and 
being exclusively procured from vegetables was formerly called 
vegetable alkali . When touched with moist fingers it has a 
soapy feel, in consequence of its action upon the cuticle. In 
the fused state it produces heat when dissolved in water; but 
in its crystallized state it excites considerable cold, especially 
when mixed with snow. At a natural temperature of 30°, JM. 
Lowitz found that equal weights of crystallized potassa and 
snow depressed the thermometer 4 5°.—j2nnales de Chmit , 
xxii. 

826. Chlorine and Potassium act very energetically upon 
each other, and produce the white compound which has been 
called muriate of potash , but which is a true chloride of potas- 
sium. According to Sir H. Davy it is constituted of 75 potas- 
sium + 67 chlorine ; or of 1 atom potassium = 40 + 1 atom of 
chlorine = 36 and its equivalent number is 76.t 

When potassium is heated in gaseous muriatic acid, this com- 
pound is formed, and hydrogen is evolved. It dissolves without 
decomposition in three parts of water at 60°. It crystallizes in 
cubes ; its taste is saline and bitter. In old pharmacy it was 
called salt of Sylvius ; also, regenerated sea-salt . 

827. Chlorate of Potassa is formed by passing chlorine 
through a solution of potassa. Chloride of potassium is one of 
the results, the other is a salt in brilliant rhomboidal tables 
(formerly called oxymuriate of potash) the chlorate. 

This salt is prepared, upon the large scale, by charging one 
or two Woulfe’s bottles with solution of carbonate of potassa, 
and passing chlorine slowly through it : t the gas is absorbed, 

* Mr Donovan has proposed the following as a more easy method of obtaining pore pdassa. Tt* 
crystallized bi-carbonate of potash of the shops is to be purified by dissolving it in water at tbe 
temperature of 100.° Tbe saturated solution most be filtered and poured into a flat disb, and placed 
before the fire ; in a few hours a crop of crystals of the pore bi-carbonate will be obtained. They 
may then be rinsed with a very small quantity of water, and dried on blotting paper. The crystal* 
are now to be dissolved in water, and boiled with their owo weight of hydrate of lime for 15 minute* , 
the liquid is then to be filtered and we have at once a solution of pure potash, which may he erape- 
rated as above. See Boston Jour, of Philos, iii. 96. 

f Considered as a muriate of potassa (in which state this salt most always exist when in watery 
solution,) it may be regarded as constituted of an atom of muriatic acid 37, and an atom of pot*Jf*> 
48, and its representative number is 86. Under this view it is constituted of 

Acid 96,67 

Potassa 68,43 

Too! H. 1. 609. 

| Tbe tube, which is immersed in the alkaline solution, shotdd be at least half an inch in diameter, 
to prevent its being cboaked up by crystals that may form. 
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and the liquor effervesces chiefly from the escape of carbonic 
acid; when this has ceased, the liquor may be put aside in a 
sold dark place for about 24 hours, when it will be found to 
have deposited a considerable portion of the crystallized chlo- 
rate which may be taken out, drained, and purified by solution 
in hot water, which, during cooling again, deposits the salt in 
white crystalline scales. The liquor is generally of a pinkish 
hue, from the presence of manganese, 

828. When obtained by the absorption of chlorine by solution 
of potassa, the changes which take place admit of being explain- 
ed as follows. Part of the chlorine may be employed in decom- 
posing the water of the alkaline solution, forming, with its 
hydrogen, common muriatic acid, while another portion of 
eblorine unites with the oxygen thus set at liberty ; or the 
change may consist in the decomposition of potassa, the oxygen 
of one portion of which may be transferred to another portion, 
while the chlorine is partly expanded in decomposing water and 
forming muriate of potassa, and partly in forming a triple 
compound of chlorine, oxygen, and peroxide of potassium. 

In this view chlorate of potassa is constituted of 1 atom of potas- 
sium weighing 40, l atom of chlorine = 36, and 6 atoms of oxy- 
gen = 48 ; and its equivalent number is the sum of these, 
viz. 124. 

829. The taste of this salt is cooling and austere. When tri- p ropertiM . 
turated it appears phosphorescent. When exposed to a dull red 

heat it decrepitates, fuses, and gives out oxygen, and chloride 
of potassium remains. It is soluble in 18 parts of cold and 2,5 
of boiling water. It acts very energetically upon many inflam- 
mables. 

Rub two grains into powder in a mortar, and add one grain £ 
of sulphur. Mix them very accurately, by gentle triture, and 
then, having collected the mixture to one part of the mortar, 
press the pestle down upon it suddenly, and forcibly. A loud 
detonation will ensue. — Or, if the mixed ingredients be wrapped 
in some strong paper, and then struck with a hammer, a still 
louder report will be produced. 

Mix five grains of the salt with half the quantity of powder- 
ed charcoal in a similar manner. On triturating the mixture 
•trongly, it will inflame, especially with the addition of a grain 
or two of sulphur, but not with much noise. 

830. When sulphuric acid is poured upon mixtures of this 

wit and combustibles, instant ignition ensues in consequence of phwicfci?.*" 
the evolution of oxide of chlorine; and when sulphuric or 
nitric acids are poured upon similar mixtures under water by 
means of a long funnel, inflammation also ensues. 

Mix a small quantity of sujjar with half its weight of the salt, 
and on the mixture pour a little sulphuric acid.* A sudden Exfm 

♦ A nix tore of (his kind is the basis of the matches, now generally used for the purpose of procuring 
losUoUoeous light. The bottle into which they are dipped, contains concentrated sulphuric acid 
* fetch is prevented from escaping by a quantity of finely spun glass or the fibres of amianthus. 
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and vehement inflammation will be produced. This experiment, 
as well as the following requires caution. 

To one grain of the powdered salt, in a mortar, add about half 
a grain of phosphorus. The phosphorus will detonate, on the 
gentlest triture, with a very loud report, The hand should be 
covered with a glove in making this experiment, and care 
should be taken that the phosphorus, in an inflamed state, does 
not fly into the eyes. Phosphorus may also be inflamed under 
the surface of water, by means of this salt. Put into a wine 
glass, one part of phosphorus with two of the salt; fill it nearly 
with water, and pour in, by means of a glass tube, reaching to 
the bottom, three or four parts of sulphuric acid. The phos- 
phorus takes fire, and burns vividly under the water. This 
experiment too requires caution lest the inflamed phosphorus 
should be thrown into the eyes. (Davy.) Oil may also be thus 
inflamed on the surface of water, the experiment being made 
with the omission of the phosphorus, and the substitution of a 
little olive or linseed oil. H. 1. 516. 

831. Chlorate of potassa should not be kept mixed with sul- 
phur in considerable quantity, as the mixture may explode 
spontaneously. 

832. It was proposed by Berthollet to substitute this salt for 
nitre, in the preparation of gunpowder and the attempt was 
made at Essone in 1788 ; but, as might have been expected, no 
sooner was the mixture of the chlorate with the sulphur and 
charcoal submitted to trituration than it exploded with violence, 
and proved fatal to several people. With phosphorus the deto- 
nation is dangerously violent. These phenomena depend upon 
the decomposition of the chloric acid. The action of sulphuric 
acid upon chlorate of potassa has already been adverted to (290.) 
If, instead of distilling the yellow mixture of the acid and chlo- 
rate with the caution there described, it be heated to about 150°, 
it suddenly explodes. The theory of the production of chloric 
oxide appears to be as follows : the sulphuric acid expels one 
proportional of oxygen from the chlorate, and the potassium 
absorbs one proportional to produce potassa, which gives rise to 
sulphate of potassa ; the remaining four proportionals of oxygen 
and one of chlorine form the oxide of chlorine. 

833. A few grains of chlorate of potassa put into a tea-spoon- 
ful of muriatic acid, and then diluted with water, form an 
extemporaneous bleaching liquor. 

834. Chlorate of Potassa consists of one proportional of chlo- 
ric acid and one of potassa, or 76 C. A.+ 48 P. Its ultimate 
components, therefore, are 

6 proportionals of oxygen . . . > = 

5 in the acid and 1 in the alcali 5 
1 proportional of chlorine . . . . = 36 
1 — -■ ■ potassium . . . =40 

124 
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835. Oxychlorate of Potassa — Perchlorate — may be form- Oxychiorau. 
ed by moistening one part of chlorate of potassa with three of 
sulphuric acid, and subsequently carefully heating the mass till it 
becomes white : in this state it consists of bisulphate and oxy- 
chlorate of potassa, which may be separated by solution and 
crystallization, the former being much more soluble in cold wa- 
ter than the latter salt. 

Oxychlorate of potassa does not change vegetable colours, nor 
is it altered by exposure to air. It requires rather more than 
50 parts of water at 60° for its solution. It is insoluble in alco- 
hol. It crystallizes in elongated octoedrons. When mixed 
with its own weight of sulphuric acid, and distilled at 280°, 
solution of oxychloric acid passes over. It may be decomposed 
by exposure to a temperature of 412°. Oxygen is given off, 
and chloride of potassium remains in the retort. This salt is 
thus found to consist of one proportional of oxychloric acid = 

92 + one proportional potassa = 48, and its representative num- 
ber is therefore = 140. 

836. lodate , and Hydriodate of Potassa. — Both these salts 
are formed by agitating iodine with a solution of potassa ; water 
is decomposed, and gives origin to a very soluble hydriodate 
and a difficultly soluble iodate. The latter may be purified by 
being washed first with a little water, and afterwards with alco- 
hol sp. gr. ,820, which removes the hydriodate. The iodate 
remains in small white and granular crystals. 

When projected on red-hot coals, iodate of potassa burns like 
saltpetre; 100 parts heated in a retort give 22,59 oxygen gas, 
and 77,41 iodide of potassium. It requires for solution 13£ 
parts of water at 60° Fahrenheit. It is constituted of 22,246 
potassa and 77,754 iodic acid. 

837. Hydriodate of Potassa is deliquescent, and conse- Hydriodate. 
quently very soluble. It is constituted of 100 hydriodic acid 

+ 37,426 potassa. By crystallization, or simple desiccation, it 
is changed into iodide of potassium, which is easily fused and 
volatilized without change at a red heat. H. 1. 517. 

838. Potassium and Hydrogen. — When potassium is heated 

in hydrogen, it absorbs a portion of the gas, and produces a Hydrant 
grey and highly inflammable hydruret. When hydrogen and 
potassium are passed together through a white hot tube, the gas 
dissolves the metal, and produces a spontaneously inflammable 
potassiuretted hydrogen gas. Both these compounds are usu- 
ally formed during the operation for obtaining potassium by the 
gun-barrel. 

839. Nitrate of Potassa — Nitre — Saltpetre. This salt is Nitrate 
an abundant natural product, and is principally brought to this 
country from the East Indies, where it is produced by lixivation 
from certain soils. 

The rough nitre imported from the East Indies is in broken 
crystals of a brown colour, and more or less deliquescent : exclu- 
sive of other impurities, it often contains a very considerable 
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proportion of common salt, frhich reacting upon the nitre, 
induces the production of nitrate of soda and chloride of potas- 
sium. 

840. In Germany and France it is artificially produced in 
what are termed nitre-beds. Thenard ( Traiti de Chemie £/* 
6mentaire> Tom. ii. p. 511.) has described the French process 
at length. It consists in lixiviating old plaster rubbish, which 
when rich in nitre, affords about five per cent. Refuse animal 
and vegetable matter which has putrefied in contact with calca- 
reous soils produces nitrate of lime, which affords nitre by mix- 
ture with subcarbonate of potassa. In the same way it is abun- 
dantly produced in some parts of Spain. Exudations containing 
saltpetre are not uncommon upon new walls, where it appears 
to arise from the decomposition of animal matter contained in 
the mortar. It was long ago shown by Glauber, that a vault 
plastered over with a mixture of lime, wood-ashes, and cows’ 
dung, soon becomes covered with efflorescent nitre, and that 
after some months, the materials yield, on lixiviation, a consid- 
erable proportion of that salt. 

Nitre crystallizes in six-sided prisms, usually terminated by 
dihedral summits ; it dissolves in 7 parts of water at 60° and h 
its own weight at 218°. Its taste is cooling and peculiar. It 
consists of one proportional of acid as 54 1+ one proportional of 
potassa ss 48. Or of 

6 proportionals of oxygen 7 4g 

5 in the acid and 1 in the alkali . ) 

1 proportional of nitrogen 14 

1 potassium .... 40 

102 

841. When exposed to a white heat, nitre is decomposed into 
oxygen, nitrogen, and dry potassa. By distilling it in an 
earthen retort, or in a gun-barrel, oxygen gaa may be obtained 
in great abundance, one pound of nitre yielding about 12,000 
cubic inches, of sufficient purity for common experiments, but 
not for purposes of accuracy. It fuses at a heat below redness, 
and congeals on cooling into cakes called salprynelle. 

If the temperature of nitre be so far increased as to allow * 
portion of oxygen to escape, the remaining salt, as Scheelc first 
observed, remains neutral, and in this state it has been consider- 
ed as forming a nitrite of potassa . 

842. Nitre is rapidly decomposed by charcoal at a red heat 
This may be shown by mixing two parts of powdered nitre 
with one of powdered charcoal, and setting fire to the mixture 
in an iron vessel under a chimney. — If excess of charcoal be 
used, the results are carbonic oxide and acid, nitrogen, and sub- 
carbonate of potassa, formerly called nitrum fixum , and white 
flux. 

The old chemists used to perform this detonation in retorts 
connected with capacious receivers, which were generally blown 
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td pieces; sometimes they succeeded in obtaining a little acidu- 
lated water, which they called clyssus of nitre, and attributed 
toil wonderful medical virtues. 

843. Nitrate of potassa is else decomposed by sulphur, with ,»aby«ui- 
different results, according to the temperature and proportions pbur ’ 
employed. 

Mix powdered nitre and sulphur, and throw the mixture, by Exp 
a little at a time, into a red-hot crucible. The sulphur will 
unite with the oxygen of the nitric acid, and form sulphuric 
acid ; which, combining with the potassa, will afford sulphate 
of potassa. The production of the latter salt will be proved by 
dissolving the mass remaining in the crucible, and crystallizing 
when a salt will be obtained exhibiting the characters of the 
sulphate. 

Mix a portion of sulphur with one sixth or one eighth its Ejtp . 
weight of nitrate of potassa ; put the mixture into a tin cup ; 
and raise it, by a proper stand (fig. 36,) a few inches above the pi. a. 
surface of water, contained in a flat shallow dish. Set fire to 
the mixture, and cover it with a bell-shaped receiver. In this 
ease also, sulphuric acid will be formed ; but it will not combine, 
as before, with the alkali of the nitre, which alkali is present 
in sufficient quantity to absorb only a part of the acid produced. 

The greater part of the acid will be condensed on the inner 
surface of the glass bell, and by the water, which will thus 
become intensely acid. The operation may be repeated three 
or four times, using the same portion of water. When the 
water is partly expelled, by evaporation in a glass dish, concen- 
trated sulphuric acid remains. H. 1. 520. 

When phosphorous is thrown upon nitre, and inflamed, a 
vivid combustion ensues, and a phosphate of potassa is formed. 

Sulphur sprinkled upon hot nitre burns, and produces a mixture 
of sulphate and sulphite of potassa. This salt used formerly to 
beemployed in medicine, under the name of Glaser’s polychrest 
salt. Most of the metals, when in filings or powder, detonate 
and burn when thrown on red-hot nitre ; some of the more 
inflammable metals produce in this way a considerable explosion. 

844. A mixture of three parts of nitre, two of dry subcar- Fu ^J inatin * 

bonate of potassa, and one of sulphur, forms fulminating pow - er 

der. If a little of this compound be heated upon a metallic 

plate, it blackens, fuses, and explodes with much violence, in 
consequence of the rapid action of the sulphur upon the nitre. 

845. Gunpowder consists of a very intimate mixture of nitre, GTOpowa<>r . 
sulphur, and charcoal. The proportions vary. The following 

are those usually employed : 
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The latter contains the smallest quantity of saltpetre, as it 
requires less quickness or strength. The ingredients are per- 
fectly mixed, moistened, beaten into a cake which is afterwards 
broken up, granulated, dried, and for the finest powder polished 
by attrition. The violence of the explosion of gunpowder 
depends upon the sudden production of gaseous matter, result- 
ing from the action of the combustibles upon the nitre. Car- 
bonic oxide, carbonic acid, nitrogen, and sulphurous acid, 
are the principal gaseous results ; and the solid residue consists 
of sub-carbonate, sulphate, and sulphuret of potassa, and char- 
coal. — Cruickshanxs, Nicholson's Journal , iv. 

Gunpowder may, it is said, be inflamed by a violent blow; 
if mixed with powdered glass, or any other harder substance, 
and struck with a heavy hammer upon an anvil, it almost always 
explodes. 

846. Potassium unites to Sulphur with the evolution of 
much heat and light, and forms a grey compound, which, when 
acted upon by water, produces sulphuretted hydrogen. It con* 
sists of 40 P. + 16 S.= 56. 

847. Potassa and Sulphur , when fused together, form a red 
sulphuret of potassa. ( Liver qf Sulphur.) Its taste is bitter 
and acrid. It is deliquescent and very soluble in water, form- 
ing a yellow solution of hydrosulphuret of potassa. 

It blackens the skin, and turns syrup of violets green, like 
an alkali. All acids, even the weakest, precipitate sulphur from 
it, and the stronger acids, when previously diluted, occasion a 
disengagement of sulphuretted hydrogen gas. The solution 
absorbs oxygen gas, and has been employed in eudiometry. 
According to Vauquelin 100 of potassa unite with 111,5 of 
sulphur. Berzelius finds that 100 parts of the carbonate absorb 
93,9 parts of sulphur. 

848. Hydro-sulphuret of potassa may be formed by transmit- 
ting a current of sulphuretted hydrogen gas through liquid hy- 
drate of potassa, which acquires a yellow colour, and an offensive 
smell. It forms large transparent crystals, not unlike those of 
sulphate of soda, but having the shape of four-sided prisms acu- 
minated with four planes, or six-sided prisms acuminated with 
six planes. It is deliquescent, and runs into a thick syrupy 
liquor, which gives a green colour to the skin. It dissolves 
readily in water and alcohol, with a production of cold. On 
adding any diluted acid, abundance of sulphuretted hydrogen is 
disengaged, but no sulphur is deposite I. 

The action of the sulphuret of potassa on water is complicated, 
and has been variously explained. By some this is consider- 
ed as a compound of potassium and sulphur ; in which case, 
when acted upon by water, hydrogen is imparted to the sulphur, 
and oxygen to the potassium ; and a sulphuret of potassa with 
excess of sulphur, (or sulphuretted sulphuret of potassa) is form- 
ed. If we consider the sulphuret as consisting of potassa and 
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sulphur, then, the oxygen as well as the hydrogen of the water, 
must be transferred to the sulphur, and sulphuric and aulphuroos 
and sulphuretted hydrogen, would be formed ; and generally 
when the solutions of the livers of sulphur are examined, sul- 
phate and sulphite of the alkali, are found. On the whole how- 
ever, it appears most probable, that when sulphur and the 
alkalies are fused together at a high temperature, the latter 
undergo decomposition, and that suiphurets of their metallic 
bases are actually formed. — Vauquklin, Jinn, de Chim . 

849. Hydrogurelted sulphuret qf potassa may be formed by 
boiling flowers of sulphur in liquid hydrate of potassa, or by 
digesting sulphur with the liquid hydro-sulphuret. The result- 
ing product may be considered as a compound of bi-sulphuret- 
ted hydrogen with potassa, in proportions not yet ascertained. 

By mere solution in water, the sulphuret of potassa is partly 
changed into this substance. According to Proust, red oxide 
of mercury, digested with hydroguretted suiphurets, removes 
the sulphuretted hydrogen, and what remains is a pure liquid 
sulphuret. H. 1. 528. 

850. Hyposulphite qf Potassa. — This salt is^best formed by Hyp0Ull . 
exposing the hydroguretted sulphuret to the atmosphere, till it P hiu * 
has lost its colour, after which, on evaporation, it crystallizes in 

the form of fine needles ; or by decomposing hydro-sulphuret, 
or hydroguretted sulphuret of potassa by sulphurous acid. The 
salt has a taste, at first, not unlike that of nitre, succeeded by 
bitterness, and it is deliquescent. When carefully dried, it 
takes fire on raising the heat, and burns somewhat like tinder, 
but with a feeble blue flame. It dissolves chloride of silver, 
even when very dilute, with great readiness. 

851. Sulphite of Potassa is formed by passing sulphurous s u i P hit«. 
acid into a solution of carbonate of potassa till all effervescence 
ceases, and evaporating out of the contact of air. Rhomboidal 
plates are obtained, white, of a sulphurous taste, and very soluble. 

By exposure to air, they pass into sulphate of potassa. 

From Dr Thomson’s analysis it is constituted in 100 parts, of 
2 water +54,5 base + 43,5 acid; or 100 of sulphurous acid 
unite with 150 of potash. 

852. Sulphate of Potassa may be formed by saturating car- 
bonate of potassa, or potassa, with sulphuric acid, and crystal- S oi P uie. 
lizing the solution. It is a refuse product also of several chemi- 
cal operations carried on upon a large scale in the processes of 

the arts. It is the sal de duobus of the old chemists : the 
potassoe * sulphas of the U. S. Pharmacopoeia. Itst taste is 
bitter. It crystallizes in short six-sided prisms, terminated by 
six-sided pyramids. The body of the prism is often wanting 
and the triangular-faced dodecaedron results. This salt dis- 
solves in 16 parts of cold, and 5 of boiling water, and in con- 
sequence of its difficult solubility, it isithrown down in a white 
granular powder, when sulphuric acid is added to a moderately 


Digitized by LjOOQle 


236 


Kip. 


Bi-talphate. 


BI-SULPHATB Of POTASS A. 


strong solution of potassa. Exposed to a red heat it melts, but 
is not decomposed. 

853. Sulphate of potassa is decomposed at high temperatures, 
by charcoal. Mix any quantity of the salt with one fifth of its 
weight of charcoal finely powdered, and expose the mixture, in 
a crucible, to a strong heat. The carbon will unite with the 
oxygen of the sulphuric acid, and will escape in the state of a 
gas. What remains is a compound, hereafter to be described, 
of sulphur and potassa, or more probably of sulphur and potas- 
sium.* — A sulphuret of potassa. It consists of 
1 proportional of acid 40 
1 alkali = 48 


88 

854. J Bi-sulphate or Supersulphate of Potassa is formed by 
adding sulphuric acid to a hot solution of sulphate of potassa, 
or by boiling sulphate of potassa with sulphuric acid. The first 
crystals which form are in delicate needles of an acid taste, 
soluble in 2 parts of water at 60°, and consist of 

2 proportionals of acid . . = 80 

1 potassa = 48 


128 


Bi-sulphate of Potassa is also formed in the distillation of 
equal parts of nitre and sulphuric acid : nitric acid passes over, 
and a residuary bi-sulphate of potassa is produced, commonly 
known under the name of sal enixum . It is the arcanum 
duplieatum , or panacea Holsatica of old pharmaceutists. It 
is used for cleansing coin and other works in metal ; and has a 
place in the London Pharmacopoeia. 

The following diagram will illustrate the formation of this 
salt, and of liquid nitric acid, in the distillation of two propor- 
tionals of sulphuric acid with one of nitre : 


2 Liquid Sul- 
phuric Acid 
= 98. 


1 Liquid Nitric Acid = 72. 



1 Dry 

2 Water 

Nitric Acid 

= 18. 

= W,0 

2 Dry 

Sulphuric Acid 

1 Potaaea 

= 80. 

= 48. 


1 Biiulpbate of Polaaaa = 128. 


1 Nitrate of 

Potaaaa c 

102 . 


855. Ammonia- Sulphate of Potassa is a triple salt formed 
by adding ammonia to bisulphate of potassa. It crystallizes in 
brilliant plates of a bitter taste. — Link. CrelPs Annals , 1796. 


* Vauquelio, Ann. dt Chim. ft Phyt.r. 31; 
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850. Phospkuret of potassium is a brown compound, which 
tipidiy decomposes water, producing phosphuretted hydrogen 
gw, and hydrophosphuret of potassa. it is formed by cau- 
tiously heating potassium with phosphorus out of the contact 
of air. 

857. Hypophosphite of Potassa has been examined by 
Dulong. It is very deliquescent, and soluble in water and alco- 
hol nearly in all proportions. When heated it evolves phos- 
phuretted hydrogen and phosphorus, and is converted into phos- 
phate of potassa. — Annalesde Chtm. et Pkys . ii. 142. 

858. Phosphite of Potassa is a soluble deliquescent uncrys- 
tallizable salt, not hitherto accurately examined. 

859. Phosphate of Potassa is a soluble, difficultly crystalliza- 
ble salt It may be obtained by careful evaporation, in four- 
sided prisms, and octoedrons. It contains 


1 proportional of potassa =48 

1 phosphoric acid . = 28 


This phosphate has little taste. By the action of beat it 
undergoes the igneous fusion. It is not decomposed by limej 
unless when the lime is added in considerable excess, and then 
a compound is formed of phosphoric acid with potassa and lime. 

The vegetable grains belonging to the cerealia contain a small 
quantity of this salt. It is believed to be a compound of 1 atom 
of phosphoric acid + 1 atom of potassa. H. 1. 526. 

860. Subphosphate of Potassa. — When phosphate of potassa 
is fused in a platinum crucible with potassa it is converted into 
subphosphate of potassa, which is insoluble in cold, and very 
difficultly soluble in hot water. It is fusible before the blow- 
pipe, yielding a globule opaque when cold, but transparent 
whilst in fusion. The theoretical composition of this salt is 

2 proportionals of potassa = 96 
1 acid = 28 

724 

861. Superphosphate or Biphosphate of potassa is formed 
by dissolving the neutral phosphate in phosphoric acid and 
evaporating till crystals are obtained, which are prismatic and 
very soluble. 

862. Potassa and Carbonic Acid. — These bodies combine 

in two proportions, forming the carbonate and the bicarbonate r©tam. 
of potassa, compounds which have been long used and known 
under various names — such as fixed nitre y salt of tartar , salt 
wormwood , vegetable alkali y fyc. Their composition was 
first ascertained 6y Black. Bergman, in 1774, described their 
most essential properties. — Opuscula y Vol. ii. p. 13. 
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863. Carbonate of Potassa is a salt of great importance in 
many arts and manufactures, and is known in commerce in dif- 
erent states of purity, under the names of wood-ash , pot-ash, 
and pearl-ash. It is the subcarbonate of potassa of the V. S. 
Pharmacopoeia . 

864. The simplest mode of showing the absorption of ear- 
bonic acid by potassa, is the following: Fill a common phial 
with carbonic acid gas over water ; and when full, stop it by 
applying the thumb. Then invert the bottle in a solution of 
pure potassa contained in a cup, and rather exceeding in qaan- 
tity what is sufficient to 611 the bottle. The solution will rise 
into the bottle, and if the gas be pure, will fill it entirely. 
Pour out the alkaline liquor, fill the bottle with water, and 
again displace it by the gas. Proceed as before, and repeat the 
process several times. It will be found, that the solution will 
condense many times its bulk of the gas ; whereas water com- 
bines only with its own volume. 

8fr5. This experiment may be made in a much more striking 
maiflter, over mercury, by passing into a jar, about three fourths 
filled with this gas, a comparatively small bulk of a solution of 
pure potassa, which will condense the whole of a large quantity 
of the gas. If dry hydrate of potassa be substituted in this ex- 
periment, no change will ensue ; which proves that solution is 
essentia] to the action of alkalies on this gas. A solution of 
potassa, which has condensed all the carbonic acid it is capable of 
absorbing, when evaporated to dryness, affords sub-carbonate , 
or, more properly, carbonate of potassa . H. 1. 521. 

866. This salt is fusible without decomposition, at a red heat : 
it is very soluble in water, and deliquesces by exposure to air, 
forming a dense solution, once called oil of tartar per deli - 
quium. Its taste is alkaline, and it renders vegetable blues 
green. It consists of 


Composition. 


1 proportional acid = 22 

1 potassa = 48 

70 


The solution of carbonate of potassa will be found to have a 
much milder taste than the pure alkali, and no longer to destroy 
the texture of woollen cloth ; but it still turns to green the blue 
infusion of vegetables. 

867. For experimental purposes carbonate of potassa may be 
How obtain- °^ ta ^ ne< ^ f pom crystals of tartar (bi-tartrate of potassa) calcined 
in a crucible; then lixivated with water, and evaporated to dry- 
ness. By this treatment the salt yields about one third its 
weight of dry carbonate. Or the tartar may be mixed with 
about an eighth of purified nitrate of potassa, and wrapped up 
in a paper in the form of cones, which may be placed on an 
iron dish, and set on fire. The residuary mass is to be lixivated, 
and evaporated as before directed. Or purified nitrate of po- 
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tassa may be mixed with a fourth of its weight of powdered 
charcoal, and projected into a red-hot crucible, the contents of 
which are to be poured, when in fusion, into an iron dish. The 
carbonate, thus obtained, amounts to rather less than one half 
the nitre which has been employed. Even when thus prepared, 
it is apt to contain Ibme impurities, consisting chiefly of a 
minute proportion of sulphate and muriate of potassa, with a 
little silica, from which it is extremely difficult entirely to free 
it That which is procured from burnt tartar may be made to 
crystallize, in which state it contains 20.60 per cent, of water. 

868. The great consumption of this article in various manufac- 
tures is exclusively supplied by the combustion of vegetables, and 
consequently its production is almost limited to those countries 
which require clearing of timber, or where there are vast natural 
forests. The English market is chiefly supplied from North 
America. If any vegetable growing in a soil not impregnated 
with sea-salt be burned, its ashes will be found alkaline from 
the presence of carbonate of potassa. If the ashes be submitted 
to heat, so as to burn away the carbonaceous matter entirely, 
they become a white mass generally termed pearl-ash . 

869. In the state of union with carbonic acid potassa generally 
occurs in the arts. The potash and pearlash of commerce are 
in fact carbonates of potassa of different degrees of purity. The 
quantity of carbonic acid, contained in these alkalies, may be 
learned by a very simple experiment. Put one or two hundred 
grains of the alkali into a Florence flask, and add a few ounce- 
measures of water. Take also a phial filled with dilute sul- 
phuric acid, and plaoe this, as well as the flask, in one scale. 
Balance the two, by putting weights into the opposite scale, 
and, when the equilibrium is attained, pour gradually the acid 
into the flask of alkali, till an effervescence no longer ensues. 
When this has ceased, the scale containing the weights will be 
found to preponderate. This shows that the alkali, by combi- 
nation with an acid, loses considerably of its weight ; and the 
exact amount of the loss may be ascertained, by adding weights 
to the scale containing the flask and phial, till the balance is 
restored. 

870. Carbonate of potassa dissolves very readily in water, 
which, at the ordinary temperature, takes up more than its own 
weight. — Hence, when an alkali, which should consist almost 
entirely of carbonate of potassa, is adulterated, as very often hap- 
pens, with substances of little solubility, the fraud may be detect- 
ed by trying how much of one ounce will dissolve in two or three 
ounce measures of water. In this way maybe detected an adul- 
teration of one third its weight of sulphate of potassa. There are 
eertain substances of ready solubility, however, which may be 
used in adulterating pearl ashes, as common salt for example; 
and, when this is done, we must have recourse to an acid test 
for the means of discovery. The best, that can be employed 
for this purpose, is sulphuric acid of sp. gr. 1,141. Of this, 
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855 grains are equivalent to the saturation of 100 grains of car- 
bonate of potassa. I^ssolving therefore, that quantity of the 
carbonate in water, and gradually adding the test, so as to pro- 
duce. neutralization, we learn, by the quantity of acid expend- 
ed, the quantity of real carbonate which has been acted upon j 
for as 355 to 100, so is the weight of thgtest which has been 
used to the number required.* 

The strongest solution of this salt that can be obtained has the 
specific gravity 1,54, and contains 48,8 per cent, by weight of 
carbonate, or eight atoms of water to one of salt. 

871. According to Vauquelin (Annates de Chimie, Vol. xl.) 
the principal varieties of this substance used in commerce, con- 
tain the following ingrediepts : — 



Potash. 

Sulphate j Muriate 
of of 

potash, j potash. 

Insoluble 

residue. 

Carbonic 
Acid and 
water. 

TOTA! 

Potash of Russia 

772 

65 

5 

56 

25 4 

1152 

“ America 

857 

154 

20 

2 

119 

1152 

American Pearl-ash 

754 

80 

4 

6 

308 

1152 

Potash of Treves 

720 

i 

165 

44 

24 

199 

1152 

u Dantzic 

603 

152 

14 

79 

304 

1152 

“ Vosges 

444 

148 

510 

34 

304 

1440 


872. Bi-carbonate of Potassa is formed by passing a cur- 
rent of carbonic acid into a solution of the subcarbonate. By 
evaporation, crystals are obtained in the form of four-sided 
prisms, with dihedral summits. Their taste is only slightly 
alkaline, and they require for solution four parts of water at 
60°. Exposed to a red heat, carbonic acid is evolved, and car- 
bonate of potassa remains. This bi-carbonate consists of 

2 proportionals of carbonic acid = 44 
1 potassa, as 48 

92 

In its crystalline form it contains water equal to one pro- 
portional ; and, therefore, consists of 

92 carbonate 
9 water 

ToT 

• The quantity of nitric acid of a given density, requisite to saturate a (ires weight, any also be 
resorted to as a criterion of its purity. 100 parts of oitric acid, specific gravity 1,36, will seterate 16 
parts of dry carbonate of potassa, which are equivalent to 48 parts of pure potassa.— Brandt. 
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In the London Pharmacopoeia the more expensive method 
of obtaining this salt by the action of carbonate of ammonia on 
carbonate of potassa is resorted to. 

The following proportions may be used for the. preparation of Prepmtion. 
bi-carbonate of potassa upon the large scale : 100 lbs of purifi- 
ed carbonate of potassa are dissolved in 17 gallons of water, 
which, when saturated with carbonic acid, yields from 28 to 30 
Hw of crystallized bi-carbonate ; 50 lbs of carbonate of potassa 
are then added to the mother liquor, with a sufficient quan- 
tity of water to make up 17 gallons, and the operation is re- 
peated. 

873. The Bi-carbonate of Potassa differs from the carbon- Differ* from 

ate in the following particulars : cart>on ‘ 

In the greater mildness of its taste. Though still alkaline, 
yet it may be applied to the tongue, or taken into the stomach, 
without exciting any of that burning sensation, which is occa- 
sioned by the carbonate. 1 

It is unchanged by exposure to the atmosphere. 

It assumes the shape of regular crystals. The form of these 
crystals is a four-sided prism, with dihedral triangular summits, 
the facets of which correspond with, the solid angles of the 
prism. 

It requires, for solution, four times its weight of water at 60°; 
and, while dissolving, absorbs caloric. Boiling water dissolves 
five-sixths of its weight; but, during this solution, the salt is 
partly decomposed, as is manifested by the escape of carbonic 
acid gas. The quantity thus separated amounts, according to 
Berthollet, to about T ^th the weight of the salt. 

By calcination in a low red heat, the portion of carbonic acid, 
which imparts to the salt its characteristic properties, and all the 
water are expelled, and the salt returns to the state of carbonate. 

874. Bi-carbonate of potassa, in all its forms, is decomposed Decom wd 
by the stronger acids ; as the sulphuric, nitric, and muriatic, add*, 
which unite with the alkali, and set the gas at liberty. This 

may be shown by pouring on the carbonate, contained in a gas Kl? ' 
bottle, any of the acids, and collecting the gas by a proper 
apparatus. H. 1. 525. 

The sub-carbonate and carbonate of potassa, are both decom- 
posed by lime, which deprives them of carbonic acid ; hence the 
use of that earth in the process for obtaining pur e potassa. 

875. Potassium heated in cyanogen absorbs the gas, and pro- 
duces a grey cyanuret of potassium , which by the action of 
water becomes hydrocyanate of potassa . This salt speedily 
decomposes, and becomes converted into carbonic acid and am- 
monia. 

876. Borate of Potassa is a salt which has been scarcely ^ 
examined ; it may be prepared by boiling boracic acid in solu- 
tion of potassa, or by exposing a mixture of boracie acid and 
nitre to a bright red heat ; it furnishes by solution and evapora- 
tion quadrangular prisms, permanent in the air. 

31 
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877. The salts of potassium are soluble in water, and afford 
no precipitates with pure or carbonated alkalies. They produce 
a precipitate in muriate of platinum, which is a triple compound 
of potassa, oxide of platinum, and muriatic acid. They are not 
changed by sulphuretted hydrogen, nor by ferro-prussiate of 
potassa. Added to sulphate of alumina, they enable it to crys- 
tallize, so as to form alum. 

878. Alloys of Potassium . Potassium combines with sev- 
eral of the metals, forming alloys which are decomposed by 
water, its oxygen uniting with the potassium and forming potassa, 
while its hydrogen is disengaged and the other metal precipi- 
tated. Several of these alloys have been described by M. 
Serullas in the Annales dt Ckimie et Physique . (See also 
Boston Journal of Philos, ii. 61.) An alloy of potassium and 
antimony may be obtained by the following process. 

One hundred grains of emetic tartar ( aniimonium tartari- 
zatum U. S. Pharmacopoeia) are to be mixed, by careful 
rubbing, with 3 grains of lamp-black or common charcoal. 
Select crucibles holding 75 or 80 grains, which must not be 
more than three quarters filled, make the upper edge smooth, 
and rub the whole inside with charcoal powder, that the mix- 
ture may not adhere to the sides. The materials are to be 
placed in the crucible, and covered with charcoal powder; 
the cover is then to be carefully luted on. Place the crucible 
in a furnace and expose it to a bright red heat for three hours, 
then set it by for six hours to cool. This time is required to 
allow the air, which always penetrates more or less into the cru- 
cible, to burn the exterior layer of the mass ; if withdrawn too 
soon from the fire it always explodes spontaneously. After it 
has been cooled, the cover of the crucible may be removed, and 
the calcined mass should, without loss of time, and without 
breaking up, be introduced into a wide mouthed bottle which 
should be carefully closed with a ground stopper. The mass 
gradually splits into fragments of different sizes, and in this 
state will preserve its properties for years. 

879. When this alloy has been well prepared it is extremely 
fulminating, so as to detonate with a report like fire-arms, by 
the first contact of water. 


880. With this substance gun-powder may be fired under 
^dwander water * The experiment was made in the following manner ; 
pow won er aQ ounce 0 f gun-powder was put into a strong glass tube 

elosed at one end, of which the powder filled about one quarter. 
A piece of the fulminating alloy of the size of a pea, was laid 
upon the powder. The tube was immediately closed with a 
cork, which had been previously perforated with a small hole, 
stopped for the present with a little fat lute, soft enough to be 
readily pierced with a sharp pin when required. The tube thus 
prepared, was then sunk in a large vessel of water two or three 
feet deep, and was confined by weights to the bottom. The 
lute stopping the perforation in the cork was then pierced with 
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a steel wire fired to the end of a long stick, and the moment 
that the water entered the tube the powder exploded, breaking 
the tube, and throwing out a four-pound weight which had 
fixed it down. 

881. Several triple alloys of potassium and other metals have oth#r alloy*, 
also been described by M. Serullas, which may be formed by 

the following processes. * 

882. Alloy of potassium , copper and antimony. This is p 6 u*.iam, 
obtained by melting together equal parts of carbonized tartar 
(prepared by roasting cream of tartar of commerce in an open 
crucible, till it has lost about half its weight) regulus of antimony, v 

and copper filings. The carbonized tartar and antimony should * 
be first rubbed together, and then placed in a crucible the cop- 
per filings being laid above them.* The cover of the crucible 
being luted on, the whole is to be strongly heated for two hours. 

This alloy has a violet tint, it divides into very thin brilliant 
laminae, which flatten a little under the hammer. It is volatile 
in the fire, and pieces thrown upon mercury, covered with a 
little water, turn round rapidly. 

883. Alloy of Potassium , Silver and Antimony , is prepar- or potassium 
ed like the last; it is more volatile ; its colour steel grey, and it and tu- 
bas much lustre. It is very brittle, and contains much potas- UaottJm 
sium. 

884. Alloy of potassium , Iron and Antimony , is obtained 

by putting at the bottom of a crucible some iron turnings, “ 
broken to small fragments; covering them with equal parts of 
calciipd tartar and antimony, previously mixed, and exposing 
to a very strong heat. 

885. Alloy of Potassium and Bismuth . Rub together 60 Potassium 
grains of calcined tartar, 120 of bismuth and one of nitre, enclose “ dbUroirtb * 
the mixture in a crucible, covered with lamp-black, close it 
carefully and heat it for two hours. An alloy is obtained which 

is very rich in potassium, its smallest fragments giving sparks 
when cut with shears. As soon as it is broken, it melts and 
burns, leaving a residue of a greenish oxide.t 

If this alloy is made with 10 or 12 grains of lamp-black or 
charcoal instead of the nitre, a pyrophorus is obtained, which 
takes fire by the contact of water, and burns with slight explo- 
sions. It may be used for kindling gun-powder under water. 

886. An alloy of potassium and tin is made in the same potassium 
manner as the preceding, with 100 parts of oxide of tin, 60 of * Dd **"• 
calcined tartar and 10 of lamp-black. A double dose of lamp- 

black gives a pyrophorus. 

887. An alloy of potassium and lead is produced by 100 Pou*«um 
grains of protoxide of lead and 60 of calcined tartar ; and an * nd uu ' 
addition of 5 or 6 grains of lamp-black gives a pyrophorus. 

* Tile copper filing* should be previously mixed with a sixth part of antimony to promote their 
(sue*. 

fl* eertaio ense* this alloy offer* an excellent test of the complete desiccation of gas. All tbnl 
* repaired is to pass up a small fragment of the alloy to the gas confiocd over merenry, whe a the 
least moisture will cause it to torn round. (F.) 
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a pyTophoru*. M. Serullas remarks that in the preparation of these alloys, 
the stratum of charcoal put over them to protect them from the 
action of the air, though in no way mixed with them, acquires 
the property of spontaneous inflammation in the air; which he 
conceives can only be attributed to the presence of potassium 
volatilized during the fusion, and retained by the charcoal. 


Section II. Sodium. 


o{ S°dium, discovered by Sir H. Davy in 1808, is obtained 

from soda by an operation analogous to that for procuring potas- 
sium from potassa. (816). It is soft, easily sectile, white and 
opaque, and when examined under a thin film of naptha has the 
lustre and general appearance of silver. 

properties. 889. ^ ls exceedingly malleable, and much softer than any 
of the common metallic substances. When pressed upon by a 
platinum blade with a small force, it spreads into thin leaves; 
and a globule of. -^th or y^th of an inch in diameter is easily 
spread over a surface of a quarter of an inch. This property is 
not diminished by cooling it to 32° Fahrenheit. Several 
globules, also, may, by strong pressure, be forced into one ; so 
that the property of welding , which belongs to platinum and 
iron at a high degree of heat only, is possessed by this sub- 
stance at common temperatures. 

It is lighter than water; as near as can be determined, its 
specific gravity is as 0,972 to 1. 

890. It is much less fusible than the base of potassa. At 
120° Fahrenheit, it begins to lose its cohesion, and is a per- 
fect fluid at 180° or 190°. Hence it readily fuses under heated 
naptha. 

Effect of air. 891. When sodium is exposed to the atmosphere, it immedi- 

ately tarnishes, and by degrees becomes covered with a white 
crust of soda, which deliquiates more slowly than that formed 
on potassium. It is not changed, however, by air that has been 
artificially dried. 

of oxf geo. 892. It combines with oxygen, slowly and without luminous 

appearance, at all common temperatures. When heated to its 
fusing point, the combination becomes more rapid ; but no light 
is emitted till it becomes nearly red hot. The flame which it 
then produces, is white, and it sends forth bright sparks, exhib- 
iting a very beautiful effect. In common air, it burns with a 
similar colour to charcoal, but with much greater splendour. 

893. When thrown intd water, it produces a violent efferves- 
cence and a loud hissing noise;- it combines with the oxygen 
of the water to form soda ; and hydrogen gas is evolved, which 
does not, however, as in the case of potassium, hold any of the 
alkaline base in solution. Neither can sodium be made to dis- 
solve in hydrogen gas, by being heated in contact with it. 


Action on 
water. 
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When thrown into hot water, the decomposition is more violent, 
aod in this case a few scintillations are generally observed at the 
sar&ce of the fluid ; but this is owing to small particles of the 
base, which are ejected from the water, sufficiently heated to 
burn in the atmosphere. 

894. Its action on alcohol, ether, volatile oil, and acids, is 
similar to that of potassium ; but with nitric acid a vivid inflam-* 
nation is produced. H. 1. 53. 

895. Sodium and Oxygen . From the quantity of hydrogen 
evolved when sodium is thrown into water, we learn that soda 
[protoxide of sodium) consists of about 75 sodium and 25 oxy- 
gen percent.; and if it be considered as the protoxide, the num- 
ber representing the metal will be 24, and soda will consist of 
24 S. + 8 0. and be represented by 32. 

896. The peroxide of sodium may be formed, by burning 
the metal with an excess of oxygen. It is of a deep orange 
colour, very fusible, and a nonconductor of electricity. . When 
acted on by water, its excess of oxygen escapes, and it becomes 
soda. It deflagrates with most combustible bodies. It appears 
to be constituted of 2 atoms of sodiums 48, with 3 atoms of 
oxygen = 24, and its equivalent number is therefore 72. 

897. Soda 9 as it usually occurs in the laboratories, is obtain- 
ed from the carbonate, by the action of lime and alcohol, as 
described under the head pot ossa. It may also be formed by 
burning sodium in a quantity of air, containing just oxygen 
enough to convert the metal into alkali. It is of a grey colour; 
of a vitreous fracture ; and requires a strong red heat for its 
fusion. It consists of 32 protoxide of sodium + 9 water, and 
is represented by 41. When soda is exposed to air, it soon 
becomes covered with an efflorescence of carbonate of soda. 

898. Soda is distinguished from potassa, by forming an 
tfflortscent paste when exposed to the atmosphere; potassa 
under the same circumstances deliquesces . If excess of tartaric 
acid be added to a solution of soda there is no precipitation ; 
but in solution of potassa it occasions a deposite of minute crys- 
tals. Solution of soda occasions no precipitate when added to 
solution of muriate of platinum. Solution of potassa occasions 
a yellow precipitate in solution of platinum. In combination 
with acids it produces a perfectly distinct class of salts. 

899. Chloride of Sodium. — Sodium, when heated in chlo- 
rine, burns and produces a white compound, of a pure saline 
flavour, soluble in 2J parts of water at 60°, and forming cubical 
crystals. 

900. Or it may be formed by saturating carbonate or hydrate 
of soda with muriatic acid, and evaporating the liquid, which 
yields chloride of sodium in a solid form. This chloride also, 
»s an abundant produce of nature, being that well known sub- 
stance, common salt, which is become a necessary ingredient in 
the food of man, and is of essential utility in several of the arts. 
For purposes of experiment, the common salt may be employed, 
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which is to be found in the shops. This may be purified, by 
adding to a solution of it in water a solution of carbonate of 
soda, as long as any milkiness ensues ; filtering the solution, 
and evaporating it till it crystallizes. 

topri** 901. It crystallizes in solid regular cubes, or, by hasty evapo- 
ration, in hollow quadrangular pyramids, which, when the salt 
is pure, are but little changed by exposure to the air. The 
common salt of the shops, however, being impure, acquires an 
increase of weight, in consequence of the absorption of moisture. 
The various forms under which it appears, of stoved salt, fishery 
salt, bay salt, &c. arise from modifications in the size and com- 
pactness of the grain, rather than from any essential difference 
of chemical composition. 

902. It requires for solution, twice and a half its weight of 
water, at 60° Fahrenheit, and hot water takes up very little 
more. Hence its solution crystallizes, not like that of nitre, by 
cooling, but by. evaporation. When heated gradually, it fuses, 
and forms, when cold, a solid compact mass. If suddenly heat- 
ed as by throwing it on red-hot coals, it decrepitates. It does 
not, however, after being dried at the temperature of boiling 
water, lose by ignition more than two or three parts of water 
per cent . and essentially it contains no water. When mixed 
with powdered charcoal or sulphur, and fused in a crucible, it 
does not undergo any decomposition or essential change. 

DMwpoti- 903. It is decomposed by the carbonate of potassa, the alkali 
of which combines with the muriatic acid of the salt, and the 
carbonic acid is transferred to the soda. — Hence we obtain mu- 
riate of potassa and carbonate of soda. A process for effecting 
this decomposition, on a large scale, is described by Westrumb, 
in Crell’s Journal, English translation, ii. 127. 

904. When chloride of sodium is dissolved in water, it 
passes, by the decomposition of that fluid, to the state of muri- 
ate of soda, and it is this salt and not the chloride of sodium 
(which last can only exist in a solid form) that is the ingredient 
of sea water and other solutions of common salt. Muriate of 

OoapontiM. soda j g composed, in 100 grains. 

Acid. Bin. 

According to Darcet . . of . . 49,27 . . . 50,73 

Berard . . €t . . 43, . . . 57, 

DrMarcet “ . . 46,, . . . 54, 

Berzelius “ . . 46,56 . . . 53,44 H. 1.537. 

Chloride of sodium, as it exists in fused common salt, is con- 
stituted of an atom of sodium, weighing 24, with an atom of 
chlorine weighing 36, and its equivalent is 60. It consists, 
then, of 

Sodium • . . 40,5 . 

Chlorine . , . 59,5 . 

100, 


100 
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Dr Wollaston assumes its constitution to be 39,64 sodium + 

60,36 chlorine. f 

905. In the common process for obtaining muriatic acid it is 
decomposed by sulphuric acid. In this decomposition there is 
a transfer of the oxygen contained in the water of the sulphuric 
acid to the sodium of the salt, the chlorine of which combines 
with the hydrogen of the water to produce muriatic acid gas. 

The oxide of sodium unites with the dry sulphuric acid to pro- 
duce sulphate of soda. (371). 

Glauber first obtained muriatic acid from common salt, and 
the existence of soda in it was first shown by Duhamel. 

906. Chlorate of Soda was procured by Mr Chenevix (Phil. cw*»w. 
Trans . 1802), by the same process as chlorate of potassa, but 

not possessing less solubility than chloride of sodium, the two 
substances are difficultly separable. Vauquelin obtained it by 
saturating chloric acid with soda. Its crystals resemble those of 
chlorate of potassa, its taste is also nearly similar. 

907. Sodium and Iodine act upon each other with the same lodife. 
phenomena as potassium, and an iodide of sodium is obtained. 

The hydriodic acid and soda produce a similar compound. It 
is deliquescent, and its solution yields quadrangular crystals. 

908. lodate of Soda is made by dissolving iodine in solution 
of soda; a white compound forms, which is the iodate with a 
portion of hydriodate of soda ; the latter may be removed by 
alcohol, lodate of soda forms small prismatic tufted crystals, 
which when heated, afford oxygen and iodide of sodium. — 
Gav-Lussac, Jinnales de Chimie, xci. 

909. Nitrate cf Soda crystallizes in rhombs, soluble in three n lira*, 
parts of watftr at 60°, and in less than its weight at 212°. It 

has a cool sharp flavour, and is somewhat deliquescent. It con- 
sists of 32 soda + 54 nitric acid. It is often found in crude nitre, 
resulting apparently from the decomposition of common salt ; 
it is the cubic nitre of old writers. It may be formed by satu- 
rating carbonate of soda with nitric acid, or by distilling com- 
mon salt with three-fourths its weight of nitric acid. When the 
former process is adopted, the solution must be evaporated, till 
a pellicle appears on its surface, and then allowed to cool. 

910. The only use of nitrate of soda is, perhaps, that which has 
been suggested by Proust, who has found it to be more econo- 
mical in the making of fire works than nitrate of potassa.* t 
H. 1. 541. 

911. Hyposulphite of Soda is formed as hyposulphite of 
potassa. (849.) It is difficultly crystallizable, deliquescent, of 
an intensely bitter taste, and insoluble in alcohol. Its aqueous 
solution readily dissolves moist chloride of silver. 

912. Sulphite of Soda is crystallizable in transparent four 
and six-sided prisms, soluble in four parts of water at 60°. It 

‘Httfeboa’i Journal. xr. 90S. See alao 6 Ann do Ckim. ol Pkyt. 206. 
tfeJpfau ra of Sodirnn end of Soda. See PoUutium* (846). The xulfhoreU exbibit Marly 
•■U** properties 1 
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consists of 32 soda + 32 sulphurous acid. The crystals contain 
twelve proportionals of water = 108. 

913. Sulphate of Soda — Glauber's Salt — Sal mirabile — is 
abundantly produced in the manufacture of muriatic acid, by 
the action of sulphuric acid upon common salt. 

914. Common salt consists of 24 Sodium + 36 chlorine. 
Sulphuric acid consist of 40 dry acid + 9 water. The water of 
the acid, consisting of 1 hydrogen + 8 oxygen, is decomposed. 
Its hydrogen is transferred to the chlorine to produce gaseous 
muriatic acid (1 H. + 36 C. = 37 Mur. A.), and its oxygen 
unites to the sodium, forming dry soda (8 Ox. + 24 S. = 32 
soda). The 40 dry acid, unite to the 32 soda, to produce sul- 
phate of soda, which will be represented by the number 72. 

915. Sulphate of soda crystallizes from its aqueous solution 
in large four-sided prisms, transparent, and efflorescent, when 
exposed to air. They consist of 72 dry sulphate + 90 water; ex- 
posed to dry air the crystals part with about 50 per cent, of water. 

The taste of sulphate of soda is saline and bitter: it is solu- 
ble in rather less than three times its weight of water at 60°. 
When exposed to heat it undergoes watery fusion, that is, it 
melts in its own water of crystallization ; when this has evapo- 
rated it fuses. 

916. Sulphate of soda is sometimes decomposed for the pur- 
pose of obtaining soda, by igniting it with chalk and charcoal, 
or with iron and charcoal. (Of these processes a full account is 
given in Aikin’s Dictionary , Art. Muriate of Soda.) Its 
principal use is in Pharmacy. 

917. Bi-sulphate of Soda is obtained by adding sulphuric 
acid to a hot solution of sulphate of soda. 4 crystallizes in 
Rhomboids soluble in twice their weight of water at 60°. This 
salt consists of 72 sulphate of soda -f 40 sulphuric acid = 112. 
Crell’s Annals , 1796.* 

918. Phosphate qf Soda crystallizes in rhomboidal prisms 
soluble in four parts of water at 60°, and efflorescing when ex- 
posed. It has a pure saline taste. It consists of 

32 soda 

28 phosphoric acid 

60 

The crystals contain about 62 per cent, of water. This salt 
is usually obtained for pharmaceutical purposes by saturating 
the impure phosphoric acid, obtained from calcined bones by 
sulphuric acid, (See Phosphorus) with carbonate of soda : the 
liquor is filtered, evaporated, and set aside to crystallize. It 
was introduced into pharmacy by Dr Pearson; it is the sal per - 
latum of some old writers. 

* Jimmonio-tvlphaU of Soda is a triple salt, formed by saturating the bi>«u]phate with innomt. 
Crell’s Annals, 1796, 1. 

Phosphits of Soda has not been examined. Hypopkospkits qf Soda is very soluble both ia alcohol 
and water.— gffnnaJe* dt Chim . si Pkys. ii. 142. 
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Wheo heated, phosphate of soda fuses and boils up, and hav- 
ing lost its water of crystallization , it runs into a clear glass, 
which becomes opaque on cooling. If a globule be heated be- 
fore the blow-pipe it assumes the dodecaedral figure as it cools. 

919. Treated with sulphuric acid, phosphate of soda is only 
partly decomposed, a bi-phosphate of Soda being formed, 
which is more soluble than, and not so easily crystallizable as 
the phosphate. 

920. Ammonio-phosphate of Soda exists in human urine, 
whence it was procured by the early chemists under the names 
of microcosmic and fusible salt . When exposed to heat the 
ammonia is expelled, and a bi-phosphate of soda remains : it 
appears to consist of two proportionals of phosphoric acid = 56 ; 
one of soda = 32, and one of ammonia = 17. — Fourcroy, 
dnnales de Chimie , vii. 183. 

921. Carbonate of Soda is chiefly obtained by the combus- 
tion of marine plants, the ashes of which afford, by lixiviation, 
the impure alkali called soda . Two kinds of rough soda occur 
in the market ; barilla , and kelp ; besides which, some native 
carbonate of soda is also imported. Barilla is the semifused 
ash of the salsola soda , which is largely cultivated upon the 
Mediterranean shore of Spain, in the vicinity of Alicant. Kelp 
consists of the ashes of sea weeds, which are collected upon 
many of the rocky coasts of Britain, and burned in kilns, or 
merely in excavations made in the ground and surrounded by 
stones. It seldom contains more than 5 per cent, of carbonated 
alkali, and about 24 tons of sea weed are required to produce 
one ton of kelp. The best produce is from the hardest fuci 9 
such as the serratus 9 digitatus y nodosus , and vesiculosus. 
(Mac Culloch’s Western Islands , Vol. i., p. 1 22.) The rough 
alkali is contaminated by common salt, and impurities, from 
which it may be separated by solution in a small portion of 
water, filtrating the solution, and evaporating it at a low heat : 
the common salt may be skimmed off as its crystals form upon 
the surface. 

922. The primitive crystalline form of carbonate of soda is 
ao octoedron, with a rhombic base ; the solid angles of the 
summit are always wanting, being replaced by planes parallel to 
the base, and thus presenting a solid with 10 surfaces. It is 
soluble in twice its weight of water at 70°. Its taste is strongly 
alkaline, and it greens vegetable blues. It consists of 

32 soda 

22 carbonic acid 

54 

Its crystals contain seven proportionals of water = 63, which 
n*ay be expelled by heat. They effloresce by exposure to air. 
This salt is the Sodse- Subcar bonus of the Pharmacopoeia . 

In the analysis of barilla and kelp, to ascertain the relative pro- 
portion of soda, it may be useful to know that 100 parts of dilute 
33 


i 


Ammooio- 

pbotpbata* 


Carbonate. 


Digitized by LjOOQle 



250 


8UBB0RATE OF SODA* 


nitric acid, specific gravity 1 ,36, will saturate 50 parts of dry car- 
bonate of soda, which are equivalent to about 29 of pure soda. 

923. Bi-carbonate of Soda is formed by passing carbonic 
Bi-carbonate. acid through the solution of the sub-carbonate. By evaporation 

a crystalline mass is obtained. This salt consists of 

32 soda 

44 carbonic acid 

76 

The bi-carbonate of soda has a very slightly alkaline taste, 
and it, is much less soluble in water than the sub-carbonate. 

924. This salt, as well as the bi-carbonate of potassa, may be 
obtained by treating their respective carbonates with carbonate 
of ammonia ; pure ammonia is evolved and bi-carbonates are 
formed. — (See U. S. Pharmacopoeia , p. 198. Bigelow's &■ 
quel , p. 342.) 

In the manufacture of this bi-carbonate for the purpose of 
commerce, 160 lbs. of carbonate may be dissolved in 13 gallons 
of water, and carbonic acid thrown into the solution in a proper 
Proccf. for apparatus. The bi-carbonate falls as it forms to the amount of 
fo the luge about 50 lbs., and being separated from the solution may be 
wa r* conveniently dried by pressure in an hydraulic press, and sub- 
sequent exposure to heat not exceeding 100°. A fresh portion 
of carbonate is dissolved in the mother liquor, and the operation 
repeated as before. 

925. A mixture of the carbonates of soda occurs native in 
great abundance in Africa, in the province of Gahena, near 
Fezzan. The natives call it Trona . It has been analyzed by 
Mr R. Phillips, who considers it as a compound intermediate 
between the carbonate and bi-carbonate. Or to be constituted 
of 3 atoms of acid + 2 of soda, or of 1£ atoms of acid = 33+1 
of soda = 32, together 65*. Hence he has given it the namc'of 
sesqui-carbonate of soda. (Journ. of Science, fyc. vii. 298.) 

, A very productive soda-lake also exists in South America in 

Maracaybo, one of the provinces of Venezuela. — Quarterly 
Journal , i. p. 188. 

926. Sub-borate of Soda — Borax. — This salt, which has been 
very long known, is imported from India in an impure state, 
under the name of Tincal , which, when purified, is cdl^ 

Bormx. refined Borax. It crystallizes in irregular hexaedral prisms, 
slightly efflorescent. Its taste is alkaline and styptic. It is solu- 
ble in 20 parts of water at 60°, and in six parts of boiling water. 
When heated it loses water of crystallization, and becomes* 
porous friable mass, called calcined borax , or glass of bora*- 
It consists, according to Gmelin, of 

35.6 acid 

* 17,8 soda 

46.6 water 

100,0 Ann. Philos. Vol. 9. 
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Sulphuric acid decomposes this salt, producing sulphate of 
soda and boracic arid. (750) It has a place in the Pharmaco- 
poeia, and is much used in experiments with the blow-pipe. 

927. The salts of sodium are soluble in water. They are 
not precipitated either by pure or carbonated alkalis, or hydro- 
sulphuret of ammonia, or ferro-prussiate of potassa ; they pro- 
duce no precipitate in solution of muriate of platinum, and do 
not convert sulphate of alumina into octoedral alum. 

928. Potassium and sodium form an alloy, which, if compos- 
ed of one part of potassium and three of sodium, remain^ fluid 
at 32°. Equal parts of the metals form a brittle crystallizable 
alloy. 


Section III. Lithium . 

929. In the analysis of a mineral, called petalite, M. Arfwed- 

son discovered about three per cent, of an alkaline substance, D«corery. 
which was at first supposed to be soda; but, finding that it re- 
quired for its neutralization a much larger quantity of acid than 
soda, he was led to doubt its identity with that alkali, and the 
further prosecution of his inquiries fully demonstrated that it 
possessed peculiar properties. The minerals called spodumene 
and lepidolite also afford the same substance, to which the term 
lithia , deduced from its lapideous original, has been applied. 

It has also been detected in a few other minerals. 

930. The following is the mode of obtaining lithia. — Reduce 

the mineral to a fine powder, and fuse it with about half its Metho d ofo b- 
weight of potassa; dissolve the fused mass in muriatic acid, taming uthu. 
filter, and evaporate to dryness ; digest the dry mass in alcohol ; 
the only substance present, soluble in that liquid, is the muriate 
ctf lithia, which is taken up; and by a second solution in alco- 
hol and evaporation, it is obtained pure. It may be decomposed 
by digesting carbonate of silver in its aqueous solution, by 
which a carbonate of lithia is formed, decomposable by lime, in 
the way of the other alkaline carbonates. 

931. M. Arfwedson decomposed petalite by the following 
method. He strongly calcined, for an hour and a half, the ArfWtdson's 
finely powdered mineral with four times its weight of pure car- ® etbod -' 
bonate of baryta ; digested the product with an excess of mu- 
riatic acid, which, leaving the silica undissolved, took up the 
baryta, alumina, &c. ; precipitated the baryta by sulphuric 

acid, and the alumina by carbonate of ammonia; and then, 
evaporating to dryness the residuary liquor, and raising the heat 
so as to expel the ammoniacal salts, a saline residue was left, 
which was dissolved by water, with the exception of a small 
quantity of sulphate of lime. It was a neutral salt, consisting 
of the new substance in combination with sulphuric acid. The 
sulphate was decomposed by acetate of baryta, and the .acetate 
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oxygen. 


Chioriio. 


Muriate. 


oflrthia, thus obtained, was converted by calcination into car- 
bonate of lithia.* For carbonate of baryta, Vauquelin and 
Gmelint advantageously substituted the nitrate. 

932. When Iithia is submitted to the action of the Voltaic 
pile, it is decomposed with the same phenomena as potasaa and 
soda; a brilliant white and highly combustible metallic sub- 
stance is separated, which may be called Hthium , the term 
Iithia being applied to its oxide. 

The properties of this metal have not hitherto been investi- 
gated, in consequence of the difficulty of procuring any quantity 
of its oxide. 

933. The proportion, in which this metal .unites with oxygen, 
has, of course, not been determined by direct experiment; but 
it has been deduced by Vauquelin, from an analysis of the sul- 
phate of Iithia, and the application of the law that the propor- 
tion between the oxygen of sulphuric acid and that of the bases 
which it saturates is as 3 to 1, to be as follows : 

Lithium . . 56,50 . . . 100 . . . 130 

Oxygen . . 43,50 ... 77 . . . 100 


100 , 

Arfwedson’s estimate scarcely differs from this, but Gindin 
deduces the composition of Iithia to be 58,05 metal -f- 41.95 
oxygen ; and if this be correct, and Iithia be constituted of an 
atom of each of its ingredients, lithium will be represented by 
11 and Iithia by that number -f 8 = 194 H. L 550. 

934. Pure Iithia is very soluble in water, and its solution 
tastes acrid like the other fixed alkalies. It acts powerfully on 
vegetable blues, converting them to green. It is very sparingly 
soluble in alcohol. 

935. Chlori(le of Lithium y obtained by evaporating the mu- 
riate to dryness, and fusing it, is a white semitransparent sub- 
stance. It evidently differs from the chlorides of potassium and 
sodium, in being extremely deliquescent ; in being soluble in 
alcohol ; in being decomposed when strongly heated in the open 
air, when it loses chlorine, absorbs oxygen, and becomes highly 
alkaline; in being very difficultly crystal 1 izable ; and in tinging 
the flame of alcohol of a red colour. || 

936. Muriate of Lithia forms small regular cubes very sim- 
ilar to common salt in their taste. The easiest mode of obtain- 
ing the crystals is to expose the solution to the sun in a hot 
day. The crystals deliquesce very speedily when exposed to 
the air, but not with so much rapidity as nitrate of lithia. This 
salt does not melt when exposed to the red heat produced by 
the action of a spirit lamp ; but when exposed in a platinum 

• Ann. de Chim. et Pbyt. x. 86. f Ann. of Philos, xt, 341. 

| Dr Thomson sad Mr Brando make the number for Lithium 10; and that for Lithia 18. 

|| Jf Urate of LUhia is a very soluble deliquescent salt, fusible and decomposed by heat f its taeta t> 
cooling ; it crystallises in rhomboids. 
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crucible, not completely covered, to an incipient white heat, it is 
fined into the chloride. U. 565. 

379. Sulphuret of Lithium . — The action of sulphur on 
lithium and lithia appears analogous to its action on potassium 
and potassa, it affords a very soluble yellow compound which 
is decomposed by acids, with the same phenomena as the alka- 
line sulphurets, and, from the abundance of the precipitate 
appears to contain a large proportion of sulphur. 

988. Sulphate of Lithia crystallizes in small rectangular 
prisms, perfectly white, and possessed of much lustre. Their 
taste is saline, and their solubility intermediate between that of 
sulphate of potassa and sulphate of soda. The crystals contain 
no water, and fuse at a heat below redness. Their solution oc- 
casions no change in solution of platinum, nor in tartaric acid. 
They consist of 

Sulphuric acid .... 69,16 or 40 
Lithia 30,82 or 17,8 

100 57,8* 

939. Phosphate of Lithia has been examined by Dr Gmelin ; 
it may be obtained by adding phosphoric acid to sulphate of 
lithia; no precipitate ia at first formed, but on adding excess of 
ammonia, an insoluble phosphate of lithia falls. This property 
enables us to separate lithia from potassa and soda. The phos- 
phate of lithia may be decomposed by dissolving it in acetic 
acid and adding acetate of lead : acetate of lithia remains in 
solution. 

940. Carbonate of Lithia . — When a strong solution of car- 
bonate of potassa is added to sulphate of lithia, a white precipi- 
tate of carbonate of lithia is formed. It requires about 100 
parts of water at 60° for its solution. It is fusible, alkaline, 
effervesces with acids, and absorbs carbonic acid from the air. 
Lithia and its carbonate, when heated upon platinum, act upon 
that metal. t 

It consists of 54,46 acid +45,54 base. The watery solution 
effervesces with acids ; changes vegetable blue colours to green; 
decomposes solutions of alumina and magnesia, and of the 
metals; is rendered caustic by lime; disengages ammonia from 
its combinations ; and does not precipitate the muriate of plati- 
num. 

941. Lithia, then, is sufficiently distinguishable both from 
potassa and soda, by its difficult solubility in water ; by afford- 
ing deliquescent salts with muriatic and nitric acids; and still 
more by its higher capacity of saturation. It agrees with soda 
ia not being precipitated by tartaric acid or muriate of piatioa,; 

*M i m dfi \mt» m/htkim it produced by iddlaf r- umm of sulphuric Mid to the neutral sulphate. 
It i» eon fusible mad lets soluble ia water then the sulphate. 

t Tbe .platinum cmdble ia which eaibeaate ef lithia has been exposed to a rod beat, fires obsiav 
ie^eatioos of haring been attacked, its surface assuming a dark olive-g reaa colour ; but the metallic 
lortra is restored by nfcbiog the crucible with coarse sand aad water. 
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but the salts of lithia, when their concentrated solutions are 
mixed with one of carbonate of soda, deposite carbonate of 
lithia. H. 551. 


Section IV. Calcium • 

942. When lime is electrized negatively in contact with 
mercury, an amalgam is obtained, which, by distillation, 
affords a white met al. It has been called calcium , and when 
exposed to air, and gently heated, it burns and produces the 
oxide of calcium , or lime.* 

To obtain calcium, a paste may be moulded, either of pure 
lime, or of sulphate of lime and water, into the shape of a 
small capsule, which may be placed on a metallic dish. Into 
this capsule mercury may be poured, and connected with the 
negative extremity of a galvanic apparatus of sufficient power, 
while the positive wire of the same pile is made to touch the 
under surface of the metallic plate. When the contact has been 
continued sufficiently long, an amalgam of mercury and calcium 
is obtained, which may be put into a small retort, along with 
naptha enough tQ cover it. The retort is then to be connected 
with a tubulated receiver, the tubulure of which is only loosely 
stopped with a cork. On applying heat, the naptha first comes 
over; then the mercury; and the calcium remains, surrounded 
by an atmosphere of vapour of naptha. As the vessels cool, it 
would be desirable, and would not be difficult, to fill them 
with nitrogen gas, to prevent the oxidation of the calcium. 
H. 1. 552. 

Lime appears to consist of 20 parts of this metallic base 
united to 8 parts of oxygen, so that its representative number 
will be = 28. 

943. The combinations of lime arc very abundant natural 
products, and of these the native carbonate which, more or less 
pure, constitutes the different kinds of marble, chalk, and lime- 
stone, and which is also the leading hardening principle of 
shell, coral, &c., may be considered as the most important. 

Lime may be obtained in a state of considerable purity by 
exposing powdered white marble to a white heat, which expels 
the carbonic acid. To obtain absolutely pure lime, white mar- 
ble may be dissolved in dilute muriatic acid, a little ammonia 
added to the solution, and filtered : carbonate of ammonia is 
then added, and the precipitate dried, washed, and exposed to a 
white heat. 

944. Its colour is light grey ; it is acrid and caustic and con- 
verts vegetable blues to green ; its specific gravity is 2,3 ; it 19 
very difficult of fusion, but remarkably promotes the fusion of 
most other earthy bodies, and is therefore used in several 
metallurgic processes as a cheap and powerful flux. When 

* Or Qtacfc-frfiM as it is popularly termed from its corrosive properties. 
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quite pure it can only be fused in very minute particles by the 
oxygen blow-pipe, or by the Voltaic flame. It is an essential 
ingredient in mortar, and other cements used in building. Ex- 
posed to air it becomes white by the absorption of water and a 
little carbonic acid. 

945. When a small quantity of water is poured upon lime, 
there is a great rise of temperature resulting from the solidifi- 
cation of a portion of the water, and a white powder is obtain- 
ed, called slaked lime , which is a hydrate , and which appears 
to consist of one proportional of water = 9 -f one proportional 
of lime = 28 = 37 hydrate. 

It is strictly * proto-hydrate. Some care is necessary in its 
preparation, lest more water should be added, than is essential 
to its constitution. It affords a very convenient form of keep- 
ing lime, for occasional use in a laboratory ; for the hydrate 
may safely be preserved in glass bottles, which are almost con- 
stantly broken by the earth, if enclosed in its perfectly dry 
state. 

946. The degree of heat produced by the combination of 
lime with water, is supposed by Mr Dalton to be not less than 
800°, and is sufficient to set fire to some inflammable bodies; 
and when a large quantity of lime is suddenly slaked in a dark 
place, even light, according to Pelletier, is sometimes evolved. 
The caloric, which is thus set at liberty, is doubtless that con- 
tained in the water, and essential to its fluidity. By combina- 
tion with lime, water passes to a solid state, and probably even 
to a state of much greater solidity than that of ice. Hence, dur- 
ing this change, it evolves more caloric than during conversion 
into ice; and hence even ice itself, when mixed with quick- 
lime, in the proportion of one to two, enters into a combination 
which has its temperature raised to 212°. When a sufficient 
quantity of water has been added to reduce lime into a thin 
liquid, this is called milk or cream of lime ; but this can 
scarcely be regarded as a definite compound. 

947. Lime, though not of itself volatile, is, in some manner, 
perhaps mechanically, carried up by the vapour employed in 
slaking it. When a piece of moistened paper, stained with the 
juice of the violet, is held in the steam, which arises from lime 
suddenly slaked, its colour is changed from blue to green. 
Hence the smell which is perceived during the slaking of lime. 
H. i. 554. 

948. Lime may be obtained in a crystalline form by placing 
lime-water under the receiver of an air-pump, with another 
vessel of sulphuric acid. The water is thus slowly evaporated, 
and imperfect crystals of hydrate of lime are formed. Gay- 
Lussac, Annales de Chimie et Phys . i. 334. 

At the temperature of 60°, 750 parts of water are required 
for the solution of one part of lime. ' 

949. Lime-water is limpid and colourless ; its taste is nause- 
ous, acrid, and alkaline, and it converts vegetable blues to green. 
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It is usually prepared by pouring warm water upon powdered 
lime, and allowing the mixtore to cool in a close vessel : the 
clear part is then decanted from the remaining undissolved por- 
tion of lime. When lime-water is exposed to the air, a pellicle 
of carbonate of lime forms upon its surface, which, if broken, 
is succeeded by others, until the whole of the lime is thus sepa- 
rated in the form of an insoluble carbonate. Lime-water is 
used in medicine as an antacid. 

950. When oxygen is passed over heated lime, it is absorbed, 
and a portion of peroxide qf calcium is formed. A hydrated 
peroxide of calcium is thrown down, according to M. Thenard, 
when lime-water is dropped into oxygenated water. 

951. Chloride qf Calcium is produced by heatiog lime in 
chlorine, in which case oxygen is evolved ; or by evaporating 
muriate of /ime, obtained by dissolving carbonate of lime in 
muriatic acid, to dryness, and exposing the dry mass to a red 
heat in close vessels. In this case the muriatic acid is decom- 
posed ; its hydrogen, uniting with the oxygen of the lime, 
escapes in the state of water ; and the chlorine unites with the 
calcium. The chloride and the muriate are, therefore, mutu- 
ally convertible by adding or expelling water. 

952. It consists of 20 calcium -f 36 chlorine 3 = 56. This com- 
pound has a strong attraction for water ; it deliquesces when ex- 
posed to air, and becomes what used to be called oil of lime . It 
is difficultly crystallizable from its aqueous solutions 5 with care, 
however, it may be obtained in six-sided prisms, consisting of 
the chloride combined with water. It is most readily crystal- 
lized by exposing its solution to the temperature of 3 2 °. Its 
taste is bitter and acrid ; one part of water at 60° dissolves four 
parts of the chloride. Its solubility, however, is greatly influ- 
enced by temperature, for at 32° one part of water will not 
dissolve more than two of the salt, and at 212 ° it takes up nearly 
any quantity. It is copiously soluble in alcohol, and much heat 
is evolved during the solution. When fused it acquires a phos- 
phorescent property, as was first observed by Homberg, and 
hence termed Homberg’s phosphorus. It is abundantly pro- 
duced in the manufacture of carbonate of ammonia, from the 
decomposition of muriate of ammonia by lime, and hence has 
sometimes been called fixed sal ammoniac. The production 
of cold by mixing muriate of lime with snow has already been 
adverted to (132.) Chloride of lime absorbs ammoniacal gas in 
considerable quantities. (Faraday, Journal of Science , Vol. 
v. p. 74.) In its fused state this compound is very useful for 
drying certain gaseous bodies, but where the quantity of the 
gas is to be ascertained, its powers of absorption in certain cases 
must not be overlooked. 

Pelletier has stated, that if carbonic acid be passed through a 
solution of muriate of lime, the whole becomes a hard solid mass. 
If sulphuric acid be poured into a strong solution of muriate of 
lime, the whole congeals into a solid mass of sulphite of lime. 
(37.) 
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953. A substance called Oxymuriate of Lime — Sub-chlo- 
ride of lime is abundantly employed as a bleaching material, 
and manufactured by passing chlorine into leaden chambers 
containing hydrate of lime in fine powder, by which the gas is 
copiously absorbed. Dr Thomson has shown this to be a com- 
pound of chlorine and lime 5 when heated it gives off a large 
quantity of oxygen, and a chloride of calcium results. This 
shows the superior attraction of calcium for chlorine compared 
to oxygen, the latter being expelled from the lime.* 

954. Chlorate of Lime is a very soluble deliquescent salt of CWortU . 
a sharp bitterish taste. It is most easily produced by dissolving 
carbonate of lime in chloric acid. Exposed to heat, oxygen is 
evolved, and a chloride formed.t 

955. Nitrate of Lime is a deliquescent salt, soluble in 4 parts Nitrate, 
of water at 60°. It is found in old plaster and mortar, from the 
washings of which, nitre is procured by the addition of carbo- 
nate of potassa. 

956. To prepare it artificially, nitric acid, diluted with five 
or six parts of water, may be saturated with carbonate of lime, 

63 parts of which are decomposed by 90,23 of nitric acid of 
density 1,5, and give 103,05 of dry nitrate of lime.J When 
this solution is boiled down to the consistence of syrup, and 
exposed in a cool place, long prismatic crystals, are formed, 
resembling, io their disposition, bundles of needles diverging 
from a common centre. These crystals are readily soluble in 
water, of which, at 60°, they require two parts, and boiling 
water dissolves an equal weight. They deliquiate speedily, 
when exposed to the air ; and are decomposed at the tempera- 
ture of ignition. Exclusive of water it contains, 

Acid. Bute. 

According to Dalton .... 61,3 ... . 38,7 
Phillips . . . 65,6 .... 34,4 H. 1.562. 

* Thi assay of sob-chloride of line. Id order to ascertain its commercial value, has heeo effected in 
several ways. Mr Dalton first proposed detaching the gas from a given weight either of the dry or 
liqwd compound, over mercury in a graduateStubehy means of an acid A portion of the chlorine 
is retained by the liquid, which may be estimated at twice its volume; but no sensible error is, it 
Mtms, occasioned bj the action of the chlorine on the mercury. He afterwards announced what be 
considers as an improved method, vis. the successive addition of a solufiWM>f the chloride to a 
solution of green sulphate of iron (sp.gr. 1, 149.) till the smell of chlorine is develop*^. 

This method, however, is greatly inferior to that of liberating the chlorine by an ncid. To 
elect this, withoot the aid of a mercurial trough. Dr Ur* hat contrived an instrument described in 
the Quarterly Journal, xiiL 21. For the purposes of the artist, however, the most practicable method 
will bo found to be the test of solution of indigo in sulphuric acid. It may be of such strength that 
1W0 parts of the liquor contain one of indigo, Of this solution 100 cubic inches of chlorine = 76* 
pama, destroy the colour of 1159,6 cubic inches, or 10 grains of chlorine discharge the colour of 169 
*d>ie inches of the solution. It is desirable to dilute the solution of chloride, so that its volume may 
be nearly one-half that of the colour lest ; to pour the former into the latter slowly nod at intervals, » ’ 

stirring the mixtare well after each addition ; and in making several comparative experiments to 
take care that the quality of. the test, and the manner of proceeding, shall be the same in all. It 
can oot, however, be pretended that this test possesses the scientific accuracy attoinalde by the 
admeasurement of the disengaged chlorine, which alone is to be depended upon, when a precise 
snslysb is required, fl. 1. 660. 

XMxt* of Mm* is diftcultly crystalllzable in mall quadrangular prisms, ffydriodat* of Litn*. 
is very deliquescent; when dried it becomes iodid* of ctffosvsss, a while fusible compound. 

X Phillips* Journal 0 f Seine*, r. 167, 

33 
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SULPHITE OF LIME. 

957. When a solution of nitrate of lime is evaporated to 
dryness in an earthen vessel, then fused for five or ten minutes 
in a crucible, and poured while in fusion into an iron pot pre- 
viously heated, the congealed mass forms Baldwin’s phospho- 
rus . It must be broken into pieces, and preserved in a well- 
stopped phial. These pieces, after having been exposed to the 
sun for a few hours, emit in the dark a beautiful white light, 
affording one variety of solar phosphorus. At a red heat it is 
decomposed ; its acid is dissipated, and pure lime remains. It 
contains in its crystallized state about 25 per cent of water, and 
may hence be considered as composed of 

1 proportional dry nitrate .... 82 
3 water 27 

109 B. 

958. Sulphuret of Lime is formed by heating in a covered 
crucible one part of sulphur with two of lime. It is soluble in 
water with the same phenomena as sulphuret of potassa. 

959. According to Mr Herschel, crystallized hydrosulphuret 
of lime is formed when three parts of slaked lime and one of 
sulphur are boiled in twenty parts of water, and the solution 
allowed to cool upon the sediment : he dried the crystals by 
exposure to the absorbent power of a large surface of sulphuric 
acid, placed under an exhausted receiver. Their form is that 
of quadrilateral prisms with dihedral summits. They are spar- 
ingly soluble in cold water, the solution having a yellow colour 
and an acrid, bitter, and sulphurous taste. They consist of two 
proportionals of lime, two of sulphur, one of hydrogen, and four 
of water. — Edinburgh Philosophical Journal , i. p. 11 , fyc. 

960. When sulphurous acid is ground in a mortar with the 
above crystals its smell disappears, and when filtered it is found 
to be a solution of hyposulphite of lime . By passing sulphur- 
ous acid through an aqueous solution of sulphuret of lime, the 
same product is obtained : and if the solution be filtered and 
evaporated, at a temperature not exceeding 140°, it furnishes 
crystals : the temperature of ebullition decomposes it. The 
crystalware little altered by air, very soluble in water, and inso- 
luble in alcohol. They consist, according to Mr Herschel, of 


Lime 

21,71 

Acid 

36,71 

Water 



100 


961. The hyposulphites of soda, potassa, and ammonia, of 
baryta, and of strontia, may be formed by passing sulphurous 
acid through the aqueous solutions of their sulphurets. . 

962. Sulphite of Lime is formed by passing sulphurous acid 
into a mixture of lime and warm water. It is a white powder, 
soluble by excess of sulphurous acid, and then separating in 
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prismatic crystals, of difficult solubility, efflorescent, and pass- 
ing into sulphate of lime by exposure to air. 

963. Sulphate of Lime occurs native in selenite, gypsum, suiphau. 
and plaster-stone. Sulphate of lime may be formed, by adding 

to the carbonate a sufficient quantity of sulphuric acid ; and by 
gently calcining the residue, to expel the redundancy of the latter 
acid ; it then affords silky crystals soluble in 350 parts of water. 

When these, or the native crystallized sulphate are exposed to a 
red heat, they lose water, and fall into a white powder ( plaster 
qf Paris), which, made into a paste with water, soon solidi- 
fies. Dry sulphate of lime consists of 2S lime + 40 sulphuric Composition, 
acid = 68. 

Crystalline sulphate of lime contains two proportionals of 
water, and is consequently represented by 88 + 18 = 86. As 
sulphate of lime is more soluble in water than pure lime, sul- 
phuric acid affords no precipitate when added to lime-water. 

Nearly all spring and river water contains this salt, and in those 
waters which are called hard it is abundant. They curdle soap, 
the alkali of which is detached by the sulphuric acid, and the 
oil is set at liberty. It gives to them a slightly nauseous taste. 

At a very high temperature sulphate of lime is fusible, but it 
suffers no decomposition ; heated with charcoal it is converted 
into a sulphuret. It dissolves without decomposition in dilute 
nitric and muriatic acids, and separates from these solutions 
when concentrated, in long, silky or transparent crystals. It is 
decomposed by the alkaline carbonates, a double exchange of 
principles ensuing. Hence the milkiness which ensues on add- 
ing carbonate of potassa to many spring waters ; the carbonate 
of lime, which is generated, being less soluble than the sulphate. 

964. Native Sulphate of Lime occurs in various forms. Natir*. 
The crystallized variety is usually called selenite j the fibrous 

and earthy , gypsum ; and the granular or massive, alabaster. 

The primitive form of selenite is a right oblique-angled prism.* 

The crystals are commonly transparent, and of various col- 
ours; it is softer than native carbonate of lime, and yields very 
easily to the nail. It is seldom found in veins, but generally 
disseminated in argillaceous strata. It is often accompanied by 
shells and pyrites, and appears to have resulted from their 
mutual decomposition. A beautiful fibrous variety is found in 
Derbyshire, applicable to ornamental purposes. It is turned 
by the lathe, and sculptured into a variety of beautiful forms, 
more especially by the Florentine artists. 

965. There is a variety of sulphate of lime, which has been 
called anhydrous gypsum , or anhydrite , in reference to its 
containing no water. It is harder than selenite, and sometimes 
contains common salt, and is then called muriacile . It is 
rarely crystallized, generally massive and lamellar, and^uscepti- 
ble of division into rectangular prisms. It has a pole blue tint ; 
sometimes it is pink or reddish, and often white. It has been 

* Brook*’ Cry<‘«ll«v iajhy 
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found at Vulpino, in Italy, and hence called Vulpinile. The 
statuaries of Bergamo and Milan employ it, and artists know it 
by the name of Marbre di Bergamo. A compound of sulphate 
of lime and sulphate of soda is found in the salt-mines of New 
Castile, which mineralogists have described under the name of 
Glauberite. 

966. Phosphuret of Lime. — By passing phosphorus over red- 
hot lime, a brown compound is produced, which rapidly decom- 
poses water with the evolution of phosphnretted hydrogen 
gas. Hydrophosphuret and hypo-phosphite of lime are also 
formed. 

The best process for obtaining this phosphuret is the folldw- 
ing : select a green glass, or porcelain tube, closed at one end, 
and about 18 inches long, and one inch diameter, and carefully 
cover it with a clay lute containing a very little bora*. Pat 
an ounce of phosphorus broken into small pieces into the lower 
end, and fill it up with pieces of clean quicklime, about the size 
of large peds : place it in an inclined position in a furnace, so 
that the end containing the phosphorus may protrude, while 
the upper part of the tube is heating to redness ; then slowly 
draw the cool part into the fire, by which the phosphorus will 
be volatilized, and passing into the red-hot lime, convert a por- 
tion of it into phosphuret. Care should be taken that no con- 
siderable portion of phosphorus escapes and burns away at the 
open end of the tube, which after the process, should be corked 
and suffered to cool. Its contents may then be shaken upon a 
sheet of paper, and the brown pieces picked out and carefully 
preserved in a well stopped phial ; the white pieces, or those 
which are only pale brown, must be rejected. This compound, 
though called phosphuret of lime, is probably a phosphuret of 
calcium. 

If the carbonate of lime be substituted for pure lime, the car- 
bonic acid is decomposed. Its carbon is set at liberty, and 
appears in the state of charcoal ; while its oxygen unites with 
the phosphorus ; and the phosphoric acid, thus produced, forms 
phosphate of lime. In this process, discovered by the late Mr 
Tennant, carbonic acid is decomposed by the conspiring affini- 
ties of phosphorus for oxygen, and of lime for phosphoric acid, 
though the former affinity only would be inadequate to produce 
the effect. H. 1. 565. 

967. The phosphuret of lime has the remarkable property of 
decomposing water at the common temperature of the atmos- 
phere ; and the water afterwards contains phosphite, or hypo- 
phosphite, not phosphate of lime.* 

Drop a small piece of it into a wine-glass of water, and in a 
short time bubbles of phosphuretted hydrogen gas will be pro- 
duced ; which, rising to the surface will take fire, and explode. 
If the phosphuret of lime be not perfectly fresh, it may be 
proper to warm the water to which it is added. 

+ Gay-Lu?*ac, 85 .Cm. da Chim. 206, and Jinn, dt Chim. at Fhyt. ri. 328. 
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Into an ale-glass put one part of phosphuret of Ihne, in pieces £xp . 
of about the size of a pea (not in powder), and add to it half a 
part of chlorate of potassa. Fill the glass with water, and put 
into it a funnel, with a long pipe, or narrow glass tube, reach- 
ing to the bottom. Through this pour three or four parts of 
strong sulphuric acid, which will decompose the chlorate ; and, 
the phosphuret also decomposing the water at the same time, 
flashes of fire dart from the surface of the fluid, and the 
bottom of the vessel is illuminated by a beautiful green light. 

(Davy). 

968. Phosphate of Lime exists abundantly in the bones of P bo. P h»t*. 
animals; it is also found in the mineral world. It may be form- 
ed artificially, by mixing solutions of phosphate of soda and 
muriate of lime. It is insipid and insoluble in water, but dis- 
solves in dilute nitric and muriatic acid without decomposition, 

and is precipitated unaltered by caustic ammonia. It is decom- 
posed by sulphuric acid, and thus the phosphoric acid for the 
production of phosphorus is usually procured (593.) It consists 
of 28 lime -f 28 phosphoric acid ss 56. 

969. It may be obtained by dissolving bones, which have Howobuil ^ 
been well calcined and then pulverized, in dilute muriatic acid, «a! w UllK 
and precipitating the solution with pure ammonia. The pre- 
cipitate, when sufficiently edulcorated, is phosphate of lime . 

At a very high temperature phosphate of lime fuses into an 
opaque white enamel. 

970. Biphosphate of Lime is formed by digesting the phos- 
phate in phosphoric acid. On evaporation a white deliquescent 
uncrystalJizable mass is obtained, composed of one proportional 
of lime + two of phosphoric acid. 

971. The phosphoric glass described under the head phospho- 
ric acid (594.) is considered by Dr Thomson as a definite com- 
pound, which he has termed quadriphosphate of lime.— Sys- 
tem, ii. 460. 

972. Native Phosphate of Lime has by some been regarded 

as a sub-phosphate, in which case it would be composed of two Native * 
proportionals of lime + one phosphoric acid. This compound 
occurs crystallized and massive, and is known under the names 
of apatite . asparagus-stone , and phosphorite . 

973. Carbonate of Lime is the most abundant compound of c*rbca»t*. 
this earth. 

Lime has a strong attraction for carbonic acid , but not when 
perfectly dry ; for if a piece of dry quicklime be passed into a E,p * 
jar of carbonic acid gas over mercury, no absorption whatever 
ensues. But if a bottle, filled with carbonic acid gas, be invert- 
ed over a mixture of lime and water of the consistence of cream, 
a rapid absorption will be observed, especially if the bottle be 
agitated; or if a jar or bottle, filled with carbonic acid, be 
brought over a vessel of lime water, on agitating the vessel, a 
rapid diminution will ensue, and the lime water will become 
milky. 
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When a shallow vessel of lime water is exposed to the air, a 
white crust forms on the surface, and this, if broken, falls to 
the bottom, and is succeeded by another, till the whole of the 
lime is precipitated from the solution. This is owing to the 
absorption of carbonic acid gas from the air by the lime, which 
is thus rendered insoluble in water. Dry lime, also, when ex- 
posed to the atmosphere, first acquires moisture, and, having 
become a hydrate, next absorbs Carbonic acid. In a sufficient 
space of time, all the characters distinguishing it as lime disap- 
pear, and it acquires the property of effervescing with acids. 
The strong affinity of lime for carbonic acid enables it to take 
this acid from other substances. Thus carbonates of alkalies are 
decomposed by lime (825.) Ii. I. 562. 

974. Carbonate of lime occurs in nature in great abundance 
and in various forms. The primitive form of crystallized car- 
bonate of lime, or calcareous spar y is an obtuse rhomboid of 
105° 5' and 74° 55'. Its specific gravity is 2,7. It occurs in 
every kind of rock, and its secondary forms are more numer- 
ous than those of any other substance ; sometimes it forms 
fine stalactites , of which some of the caverns of Derbyshire 
furnish magnificent specimens ; it is here deposited from its 
solution in water acidulated by the carbonic acid, and substances 
immersed in this water become incrusted by carbonate of lime, 
when the excess of acid flies off, as in the petrifying well of 
Matlock . A fibrous variety of carbonate of lime, called satin 
spar , is found in Cumberland. 

975. The carbonic acid existing in carbonate of lime is ex- 
pelled by a strong red heat. If distilled in an earthen retort, 
carbonic acid gas is obtained, and lime remains in the retort in 
a pure or caustic state. By this process carbonate of lime loses 
about 45 per cent. 

976. The experiments of Sir James Hall have proved, that 
when the escape of the carbonic acid is prevented by strong 
pressure, carbonate of lime is fusible in a heat of about 22° of 
Wedgwood’s pyrometer.* And Mr Bucholz has lately fused 
this substance, by the sudden application of a violent heat^ with- 
out additional compression.t 

977. Carbonate of lime is precipitated by the carbonated 
alkalies from solutions of muriate, nitrate, and sulphate of lime. 
It is decomposed by almost all acids. This will appear if upon 
chalk or marble contained in a gas bottle diluted sulphuric or 
muriatic acid be poured. A violent effervescence will ensue, 
owing to the escape of carbonic acid gas, which may be collect- 
ed over water or mercury. By a little modification of the ex- 
periment, the quantity of carbonic acid expelled from the car- 
bonate may be correctly ascertained. Let 100 grains of carbo- 
nate be put into a Florence flask, with an ounce or two of water; 
place this in the scale of a balance; and in the same scale, but 
in a separate bottle, about half an ounce of muriatic acid. Add 


* Nicholson's Journal , xiii. xiv. 


f Ibid. xrii. 229. 
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the muriatic acid to the carbonate as long as any effervescence 
is produced, and then blow out that part of the disengaged car- 
bonic acid which remains in the flask, by a pair of bellows. 
Ascertain, by adding weights to the opposite scale, how much 
has been lost; suppose it to be 43 ,5 grains; this shows the 
quantity of carbonic acid disengaged. Calcine another 100 
grains in a covered crucible. It will lose rather more of its 
weight; because, besides its carbonic acid, all the water is 
expelled which it may contain. Let this loss be stated at 45 
grains; the former loss deducted from this (45 — 43,5) or 1,5 
grains, shows the quantity of water in 100 of the carbonate. 
The proportion, however, thus discovered, is so small that it 
may be considered as an accidental ingredient. Independently 
of water it is constituted, 

Acid. But. 

According to Dr Wollaston, of . • • • 43,7 . . • 56,3 
Berzelius, of ... . 43,6 ... 51,4 

978. Borate of Lime is a white tasteless powder of very 
difficult solubility in water. 

979. The salts of lime have the following properties : — 

Those which are soluble are not altered by pure ammonia, 

but they are decomposed by potassa and soda. They are also 
decomposed by the carbonates of potassa, soda, and ammonia, 
which produce precipitates of carbonate of lime. 

Oxalate of ammonia produces in their solutions a white inso- 
luble precipitate of oxalate of lime, which exposed to a red 
heat, affords pure lime. 

The insoluble salts of lime are decomposed by being boiled 
with carbonate of potassa, and afford carbonate of lime. 

980. Fluor Spar . — Fluate of Lime . — These terms have 
been applied to a body containing a peculiar principle which has 
not hitherto been obtained in an insulated state. 

. It is a principle which probably belongs to the acidifying 
electro-negative supporters of combustion, and which in flour 
spar is, perhaps, united to calcium. It appears to be united 
with hydrogen in the fluoric or hydrofluoric acid. This 
supposed base has been called fluorine by Sir H. Davy ; and 
phtore (from destructive ,) by M. Ampere. 

981. Fluor spar is a mineral found in many parts of the 
world, but in great beauty and abundance in England, and 
especially in Derbyshire. Here it is commonly called Derby - 
shire spar, or by the miners of that county blue John . It is 
usually found in cubic crystals, which may easily be cleaved 
into octoedra, sometimes considered as its primitive form (27). 
Its colours are extremely various. Its specific gravity is 3,15. 
It is perfectly tasteless and insoluble in water. When thrown 
in powder upon a plate of iron heated below redness in a dark 
place, it emits a phosphorescent light. 

Compact fluor is a scarce variety : the finest specimens 
come from the Hartz. A third variety is chlorophane } so call- 


Properties of 
the salts of 
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ed from the beautiful pale greeo light which it exhibits when 
heated. 

The nature of the colouring matter of fluor spar is not exactly 
understood. It is liable to fade, and the blue varieties become 
red and brown by heat* 

Hydro-fluoric 682. Hydrofluoric add (hydrophtoric of Ampere) is pro- 
mci6, cured by distilling & mixture of one part of the purest fluor 
spar in fine powder, with two of sulphuric acid ; sulphate of 
lime remains in the retort, and a highly acrid and corrosive 
liquid passes over, which requires the assistance of ice for its 
condensation. 

Fig. 1 22 represents an apparatus for the formation of this 
ibudnb^f acid. a an alembic with a head, from which passes the tube b 
made to fit the neck of the bottle c $ d is a cover which may be 
substituted for the head when the alembic is used for other pur- 
poses, e a stopple ground to fit the neck of the bottle c. All 
the parts of this apparatus should be made of pure silver, for 
glass is instantly acted upon. The alembic may be of the capa- 
city of 16 fluid ounces, that of the head and tube 2J and that of 
the receiver ounces. With an apparatus of this size, about 
two ounces of pure fluor spar and four ounces of sulphuric acid 
may be employed. These materials being introduced into the 
alembic, and the head fitted on, it should be placed under a flue, 
the bottle or receiver being surrounded with ice and rather 
loosely connected with the tube. The heat required is not con- 
siderable ; a few live coals being applied beneath the alembic, 
the acid will be disengaged, and will condense in the bottle. 
(Silliman, Jlmer. Jour . of Science , vi. 355.) 

983. This acid is colourless, of a very pungent smell and ex- 
tremely destructive. If applied to the skin it instantly kills 
the part, producing extreme pain, and extensive ulceration. 
The fumes instantly and powerfully corrode glass, and the 
contact of them with the skin, or lungs, should be carefully 
avoided. At 80° this acid becomes gaseous; it has never 
been frozen ; it produces white fumes when exposed to a moist 
air, and occasions a hissing noise when dropped into water. 
PropertiM. 984. This acid acts upon potassium and sodium, and some 
other metals with great energy ; hydrogen is evolved, and a 
peculiar compound, probably the basis of the acid, and the 
metal, results. These compounds might be called fluorides . 
The principal hydrofluates , or fluates, have been examined by 
Gay-Lussac and Thenard. ( Recherches Physico-chimiques.) 
They have not been analyzed, but if we adopt the number 17 
as the representative of the acid, considering it as composed of 
16 fluorine + 1 hydrogen, it is probable that they consist of one 
proportional of acid and one of base. 

Umi. 985. Hydro-fluoric acid has been used for the purpose of etch- 

ing on glass, but requires to be diluted with three or four parts of 
water. The glass should be covered with a varnish, prepared 
by melting together bees-wax and turpentine, and surrounded 
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at the edge by a rim of the same. The varnish is then to be 
removed wherever it is desired to have the acid act upon the 
glass, as in the usual process of etching on copper. An appa- 
ratus for this purpose has been given by Mr Knight. Philos . 

Magazine , xvii. 357. 

986. Hydrojluate of Ammonia is not crystallizable, and Hjdroflaate 
when evaporated loses a portion of alkali and becomes sour : of Ammoni ** 
when heated it rises in a dense white vapour. 

987. Hydrojluate of Potassa is a very soluble, deliquescent, _ ofPotMM . 
and difficultly crystallizable salt, of a sharp taste. When heated 

it first loses its water of crystallization, then fuses (becoming 
fluoride of potassium?) Sulphuric acid separates the hydro- 
fluoric. 

988. Hydrojluate of Soda has less taste, and is less soluble — tf sodi. 
than the preceding. When heated it decrepitates, then fuses. 

It is permanent in the air, and separates from its solution in 
hot water, partly as a transparent pellicle and partly in crystals. 

989. When hydrofluoric acid is poured into solutions of the 
salts of lime, a white insoluble powder is thrown down, which 
resembles fluor spar in its chemical properties, and must there- 
fore be considered as a fluoride of calcium . 

990. Fluohoric Acid . — This is probably a compound of fluo- Fiuoboric 
rine with boron, and if regarded as consisting of one propor- * c,d * 
tional of each of its components, its representative number will 

be 22, and it will contain 16 fluorine + 6 boron. It is gaseous, 
and may be obtained by heating in a glass retort twelve parts 
of sulphuric acid, with a mixture of one part of fused boracic 
acid, and two of fluor spar, reduced to a very fine powder. 

The gas must be received over mercury : 100 cubical inches 
weigh 72,5 grains ; so that the specific gravity of fiuoboric acid 
compared with hydrogen, is 32,22, and with atmospheric air, 

2,400.* It produces very copious fumes when suffered to 
escape into a moist atmosphere ; when acted upon by water, 
which dissolves 700 times its volume, it affords a solution of 
hydrofluoric and boracic acids, whence it would seem that the 
hydrogen is transferred to the fluorine, and the oxygen to the 
boron. It acts with great energy on vegetable and animal 
bodies, depriving them of moisture and hydrogen. A piece of 
paper introduced into fiuoboric gas becomes instantly charred. 

Potassium heated in this gas occasions the deposition of boron, 
and the production of fluoride of potassium, which, by the action 
of water, becomes hydrofluate of potassa. 

991. The fiuoboric acid combines with different bases, and Fiooboratw. 
produces a class of salts which have been called fluoboraies ; of 

these the fluoborate of ammonia has been examined by Dr 
John Davy. ( Philos . Trans . 1812.) It appears from his ex- 
periments that the fiuoboric acid is capable of condensing sueces- 

* Specific gravity 2,3611 tir=ll 

% Weight of 100 cubic inchei 72, 0135. T. 

“ “ 2,126 oxygen = 1 ) 

34 
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sively, one, two, and three volumes of ammonia* The first is a 
white solid, volatile in close vessels by the application of a gen- 
tle heat. The two other compounds are liquid, and when ex- 
posed to the atmosphere, lose ammonia and pass into the first 


Section V. Barium . 

992. To obtain this metal, the earth baryta is negatively elec- 
trized in contact with mercury ; an amalgam is gradually form- 
ed from which the mercury may be expelled by heat, and the 
metal barium remains ; appearing, according to Sir H. Davy, of 
a dark grey colour, and being more than twice as heavy as 
water* It greedily absorbs oxygen, and burns with a. deep red 
light when gently heated, producing oxide of barium. 

993. Oxide of Barium, Baryta , or Barya , is obtained by 
exposing the crystals of nitrate of baryta for some time to a 
bright red heat. It may also be obtained by decomposing the 
native carbonate of baryta . Let this be powdered, and passed 
through a fine sieve. Work it up with about an equal bulk of 
wheaten flour into a ball, adding a sufficient quantity of water. 
Fill a crucible of proper size, about one third its height, with pow- 
dered charcoal ; place the ball on this ; and surround and cover 
it with the same powder, so as to prevent its coming into con- 
tact with the sides of the crucible. Lute on a cover ; and ex- 
pose it, for two hours, to the most violent heat that can be raised 
in a wind furnace. Let the ball be removed when cold. On 
the addition of water, it will evolve great heat, and the baryta 
will be dissolved. The filtered solution, on cooling, will shoot 
into beautiful crystals. 

994. Baryta is of a grey colour, and very difficult of fusion ; 
it appears to consist of 70 barium + 8 oxygen, and is, conse- 
quently, represented by 78. Its specific gravity is about 4, 
hence the name of Baryta , as being the heaviest of the sub- 
stances usually called earths. It eagerly absorbs water, heat is 
evolved, and a white solid is formed, containing about 10 per 
cent, of water, which it retains at a red heat ; this is the hydrate 
of baryta , and may be considered as a compound of 1 propor- 
tional of baryta = 78 -f- 1 proportional of water= 9, and is, con- 
sequently, represented by 87. 

995. Hydrate of Baryta dissolves in boiling water, and, as 
the solution cools, deposits flattened hexagonal prisms, which 
contain a larger quantity of water, and are easily fusible. Ac- 
cording to Mr Dalton, crystallized baryta consists of 1 propor- 
tional of baryta, and 20 of water ; if it be exposed to air it 
effloresces into a white powder, containing 1 proportional of 
baryta and 5 of water; it appears therefore that there are three 
hydrates of baryta. {New Chem. Phil . ii. 522.) The aqueous 
solution, or baryta watery is limpid, colourless, and acts ener- 
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getically on vegetable blues and yellows, changing them to 
green and red ; it rapidly absorbs carbonic acid, and deposits an 
insoluble carbonate of baryta. * 

996. Pure baryta has a very powerful affinity for carbonic Affinitr for 
acid. Let a solution of pure baryta be exposed to the atmos- cwb©mc*cid, 
phere. It will soon be covered with a thin white pellicle; 

which, when broken, will fall to the bottom of the vessel, and 
be succeeded by another. This may be continued, till the 
whole of the baryta is separated. The effect arises from the 
absorption of carbonic acid, which is always diffused through 
the atmosphere, and which forms with baryta, a substance, 
viz. carbonate of baryta, much less soluble than the pure earth. 

Or if the air from the lungs be blown, by means of a quill, ^ 
or tube, through a solution of baryta, the solution will imme- p * 
diately become milky, in consequence of the production of an 
insoluble carbonate. The same effect will be produced by min- 
gling with a solution of pure baryta, a little water, impregnated 
with carbonic acid. 

997. Baryta has so strong an affinity for carbonic acid as even tak## from 
to take it from other bodies. If to a solution of a small portion of other bodies, 
carbonate of potassa, of soda, or of ammonia we add the solution 

of baryta, the earth will detach the carbonic acid from the alkali, 
and will fall down in the state of a carbonate. By adding a 
sufficient quantity of a solution of baryta in hot water, the £sp . 
whole of the carbonic acid may thus be removed from a carbonated 
alkali ; and the alkali will remain perfectly pure. H. 1. 578. 

998. As baryta, like the alkalies, converts vegetable blues to 
green, and serves as an intermedium between oil and water, it 
has been called an alkaline earth. It has a very acrid, caustic 
taste, and is highly poisonous. It exists in two natural, combi- 
nations only, namely, as sulphate and carbonate. 

999. When baryta is heated in oxygen, or when oxygen is 
passed over baryta, heated to redness in a glass tube, the gas is 
absorbed and a grey compound is obtained, which is the pvrox- Perolidi * 
ide cf barium ; consisting of 

1 proportional of barium 70 +2 oxygen 16=86. 

1000. By dissolving peroxide of barium in muriatic acid, and 
precipitating by sulphuric acid, M. Thenard succeeded'in obtain- 

ing a new and singular compound of oxygen and water, to which J 6 ; 

the term peroxide of hydrogen may be applied. The solution SSiien. 0 7 " 
of the peroxide of barium, and the subsequent separation of the 
protoxide is repeated a sufficient number of times, in the same 
portion of dilute muriatic acid ; sulphate of silver is then added 
to separate the muriatic acid, and the sulphuric, which then 
becomes its substitute, is ultimately removed by baryta. M. 

Thenard, in his elaborate essay upon this new compound, has 
shown that the process, although in theory sufficiently simple, 
presents many practical difficulties, chiefly arising from the 
impurities contained in the peroxide of barium. To obtain this 


Digitized by LjOOQle 


268 


PEROXIDE OP HYDROGEN. 




/ 


substance pure, upon which the success of the subsequent opera* 
lions depends, he gives the following directions. Prepare a 
very pure nitrate of baryta, and decompose it by a strong heat 
in a porcelain vessel, by which baryta, containing a portion of 
silica and alumina, but free from manganese, will be obtained ; 
the latter impurity must always be most cautiously avoided, for 
oxide of manganese possesses the property of energetically de- 
composing the oxygenated water. 

The baryta, broken into small pieces, is then introduced into 
a luted glass tube (the glass should not contain lead) large enough 
to contain about two pounds of it, and being heated to dull red- 
ness, a current of dry and perfectly pure oxygen gas is passed 
through it which it rapidly absorbs ; this operation is to be con- 
tinued till the oxygen escapes from a small tube inserted into 
the opposite extremity of the larger one. 

The peroxide thus obtained is pale grey, and frequently some 
pieces are speckled with green, which announces the presence 
of manganese, and which should be rejected: its distinctive 
character is, that it crumbles when a few drops of water are 
added to it without producing heat. 

The process then proceeds as follows. Take a certain quan- 
tity of water (about eight ounces for instance), and add to it a 
sufficiency of pure and fuming muriatic acid to dissolve about 
230 grains of baryta : put this acid liquor into a glass vessel, 
which during the operation must be surrounded by ice : then 
take about 185 grains of the peroxide, rub it into a fine paste 
with a little water in an agate mortar, and put it into the acid 
liquor with a box-wood spatula ; it soon dissolves without effer- 
vescence : to this solution add pure sulphuric acid drop by drop, 
stirring it with a glass rod, till it is in slight excess, which is 
known by the readiness with which the sulphate falls : then 
dissolve a second portion of the deutoxide and precipitate as 
before, taking care to use enough but not too much sulphuric 
acid. The liquor is now to be filtered, and the residue washed 
with a little water, so as to keep up the original measure by 
adding it to the first portion : a second and third washing of the 
residue with very small quantities of water may be advisable, 
and these liquors should be kept apart for the purpose of wash- 
ing the filters in subsequent operations. 

A fresh portion of the peroxide is then dissolved in the filtra- 
ted liquor and decomposed as before, filtering at every two opera- 
tions and washing the filter with the savings of the others. 
We thus proceed till the water is sufficiently oxygenated : when 
about two pounds of the peroxide have been consumed the 
water will be united to about thirty times its volume of oxygen, 
which is as much as it will retain, unless some muriatic acid 
be added, in which case M. Thenard has made it retain 125 
volumes. 

When the water is sufficiently oxygenated, it is retained in 
the ice, and supersaturated with the peroxide of barium, which 
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occasions the separation of flocculi of silica and 'alumina, colour- 
ed with a little oxide of iron and of manganese ; the whole is 
then filtered as quickly as possible, and returned into the vessel 
surrounded by ice, the baryta is separated by sulphuric acid, and 
pore sulphate of silver is added to separate the muriatic acid, 
upon which the liquid, before milky, becomes suddenly clear. 

The sulphuric acid is ultimately separated by baryta, the liquor 
filtered and placed in a shallow vessel, under the air-pump 
receiver, containing a basin of sulphuric acid ; the receiver be- 
ing exhausted, the water evaporates and is absorbed by the acid, 
while the peroxide of hydrogen being less vaporisable remains ; 
if it give out any oxygen, which sometimes happens from its 
containing impurities, a drop or two of weak sulphuric acid pre- 
vents its further evolution. 

The peroxide of hydrogen thus concentrated has the follow- 
ing properties ; its specific gravity is 1,45; it is colourless and 
inodorous ; it blisters the cuticle of the tongue, and has a pecu- 
liar metallic taste. It does not congeal when exposed to cold, 
unless diluted. It is rapidly decomposed at a heat below 212°, 
and very slowly at ordinary temperatures ; it may be long kept 
at 32°. It is decomposed by the pile with the same phenomena 
as water. It is decomposed by all metals except iron, tin, anti- 
mony, and tellurium : the ’ metals should be finely divided, or 
in powder : silver and oxide of silver decompose it very sud- 
denly with the evolution of heat and light; platinum and gold 
produce the same phenomena ; lead and mercury slowly sepa- 
rate the oxygen. Orpiment and powdered sulphuret of molyb- 
denum act upon it with the same violence as silver ; the perox- 
ides of manganese and of lead, also, occasion its instant decom- 
position. Traiti de Chim. ii. 41. 

1001. Chloride of Barium may be obtained by heating baryta Chlpriae of 
in chlorine, in which case oxygen is evolved : or more easily. Barium, 
by dissolving carbonate of baryta in diluted muriatic acid. The 

iron and lead, which are occasionally dissolved, along with the 
baryta, may be separated by the addition of a small quantity of 
liquid ammonia, or by boiling and stirring the solution in con- 
tact with a little lime ; or which is still better, by solution of 
baryta in water. When filtered and evaporated, the solution 
yields regular crystals, which have most commonly the shape 
of tables, or of eight-sided pyramids applied base to base. 

1002. These crystals dissolve in five parts of water, at 60°, or Properties 
in a still smaller quantity of boiling water, and also in alcohol. 

They are not altered by exposure to the atmosphere ; nor are 
they decomposed, except partially, by a high temperature. The 
sulphuric acid separates the muriatic ; and the salt is also decom- 
posed by alkaline carbonates and sulphates. 

1003. The dry salt Sir H. Davy considers as a compound of 1 C omporit»o«. 
atom of barium = 70 -f 1 atom chlorine = 36, hence its repre- 
sentative number is 106 ; and it consists of chlorine 34, barium 
66=100. H. 1. 575. The taste of chloride of barium is 
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pungent and acrid ; when exposed to heat,' the water of crystal- 
lization separates, and the dry chloride enters into fusion. 

1004. Chlorate o/ Baryta . — To prepare this salt, chlorine 
gas must be received into a warm solution of baryta in water, 
till the baryta is saturated. The solution is to be filtered* and 
boiled with phosphate of silver, which decomposes the common 
muriate of baryta, and at the same time composes two insoluble 
salts, phosphate of baryta and chloride of silver. Vauquelin 
finds the addition of acetic acid recommended by Chenevix, 
objectionable, and that the compounds of chloric acid are liable, 
if acetic acid has been employed, to detonate violently when 
heated. To judge when enough of the phosphate of silver has 
been used, add to a portion of the filtered liquor, a few drops of 
nitrate of silver, which, in that case, oughh not to disturb its 
transparency. If too much phosphate of silver has been used, 
a drop or two of muriatic acid will discover it, and, in that case, 
the cautious addition must be made of some of the original solu- 
tion, set a part for the purpose, to which no phosphate of silver 
has been added. It is from solution of chlorate of baryta, thus 
carefully prepared, that chloric acid is obtained by the interven- 
tion of sulphuric acid (295.) H. 1. 576. It crystallizes in 
quadrangular prisms, soluble in four parts of water, at 60° *, and 
consists of 

1 proportional of baryta 78, -j- 1 prop, chloric acid 76 os 154. 

Its solution, when pure, is not precipitated by nitrate of silver 
or muriatic acid.* 

1005. Iodate of Baryta may be formed by adding iodine to 
solution of baryta, from which the iodate precipitates in the 
state of a white powder, and may be edulcorated by washing 
with distilled water. When strongly heated it evolves oxygen 
and iodine, and baryta remains. It consists of 

100 acid + 46,34 base. 

1006. Nitrate of Baryta may be prepared by dissolving 
the native carbonate in nitric acid, evaporating to dryness, 
re-dissolving, and crystallizing ; it forms permanent octoedral 
crystals.t Its taste is acrid and astringent. It is soluble in 12 
parts of cold and 4 of boiling water ; it is decomposed by a 
bright red heat, furnishing pure baryta. It consists of 78 baryta 
+ 54 nitric acid = 132. 

The crystals contain two proportionals of water, or 132 dry 
nitrate + 18 water. 

If a moderately strong solution of the nitrate of baryta be 
added to nitric acid, a precipitation of nitrate of baryta takes 
place, in consequence of the abstraction of water by the acid ; 

* Iodide of Barium U easily formed by acting upon baryta by bydriodic acid, and evaporating the 
solution. It may also be formed by heating baryta in bydriodic gas ; water and iodide of bariom 
are the results. 

t If the artificial carbonate be employed, it should be previously well washed with distilled water, 
till the washings cease to precipitate nitrate of silver. A solution of nitrate of baryta mixed with one 
of nitrate of silver, should continue perfectly transparent H. » 
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hancs in using nitrate of baryta as a test of the presence of 
sulphuric acid in nitric acid, (437) the latter should be considera- 
bly diluted previous to its application.* 

1007. Hyposulphite cf Baryta . — This salt is thrown down 
on pouring muriate of baryta into a solution, not too dilute, of 
hyposulphite of lime ; it is a white powder soluble without de- 
composition in muriatic aeid ; at a low heat it takes fire and the 
sulphur burns off. When the solutions from which it is precipi- 
tated are dilute, it falls, after some minutes, in small crystalline 
grains, followed by a copious separation of the salt. — Herschel, 
Edin. Philos . Journal , i. 20. 

1003. Sulphite of Baryta is insoluble in water, and formed 
by adding sulphite of potassa to muriate of baryta. 

1009. When sulphurous acid gas is passed into water holding 
peroxide of manganese in suspension, a neutral solution is ob- 
tained, composed of sulphate and hyposulphate of manganese. 
These salts are decomposed by excess of baryta, and a soluble 
hyposulphate of baryta is formed, through which carbonic acid 
is passed, in order to saturate any excess of baryta ; and the 
whole being heated to drive off carbonic acid, which holds a little 
of the carbonate fn solution, the hyposulphate of baryta is obtain- 
ed, and may be purified by crystallization. The solution of this 
salt may be decomposed by the careful addition of sulphuric 
acid, and the hyposulphuric acid is thus obtained in solution. 

1010. This acid is inodorous, sour, and may be concentrated 
by exposure to a vacuum with sulphuric acid : it is decomposed 
by a heat below that of boiling water, sulphurous acid is disen- 
gaged, and sulphuric acid remains. It perfectly saturates bases, 
and forms soluble salts with baryta, strontia, lime, oxide of bead, 
and probably with all other bases. (, Annales de Chim. et Phys . 
x. 312.) The hyposulphate of baryta crystallizes in quadrangu- 
lar prisms variously terminated ; 100 parts of water at 60° dis- 
solve about 14 parts. It consists of 

1 proportional of baryta =78 

1 . hypotulphnrio acid . = 72 

2 water 9X2 . . . = 18 

168 

Or it may be stated as comprising in its dry state 

1 baryta = 78 

= J5 

150 

1011. Sulphate of Baryta is an abundant natural product; 
it is insoluble and therefore produced whenever sulphuric acid 
or a soluble sulphate, is added to any soluble salt of baryta ; 
hence the solutions of baryta are accurate tests of tho presence 
of sulphuric acid. Sulphate of baryta consists of one propor- 
tional of sulphuric acid and one of baryta. 

40 sulphuric acid + 78 baryta = 118. 

*SmJfkmrtt qf Barium is a brown oom pound, which acts npoa water as already described, 
Fodaciaj kydrotulphvrti of imryta. 
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1012. Native Sulphate of Baryta , Heavy Spar , or Barose- 
lenite, is principally found in the mines of Westmoreland and 
Cumberland , and in Transylvania, Hungary, Saxony, and Hano- 
ver. A variety met with in Derbyshire, is called cawk . It 
occurs massive, and crystallized in a great variety of forms. Its 
primitive figure is a rhomboidal prism, the angles of which are 
101° 42', and 78° 18'. It is harder than carbonate of lime, but 
not so hard as fluate of lime. Its specific gravity is 4,7. 

When native sulphate of baryta is heated it decrepitates, and 
at a high temperature, fuses into an opaque white enamel : it 
was employed in the manufacture of jasper ware by the late 
Mr Wedgwood. When heated to redness, it acquires the prop- 
erty of phosphorescence. This was first ascertained by Vin- 
cenzo Cascariolo, of Bologna, whence the term Bologna phos- 
phorus is applied to it.* This kind of phosphorus, after being 
exposed for a few minutes to the sun’s rays, shines in the dark 
sufficiently to render visible the dial of a watch. This proper- 
ty is lost by repeated use, in consequence of the oxygenation 
of the sulphur ; but it may be restored by a second calcination. 

The artificial sulphate of baryta is used as a pigment, under 
the name of permanent white . It is very useful for marking 
phials and jars in a laboratory. Sulphate of baryta is sparingly 
soluble in sulphuric acid. 

1013. As the native sulphate is a common and abundant 
compound, several processes have been contrived for obtaining 
from it pure baryta. This may be effected by reducing the 
crystallized sulphate to a fine powder, and heating it red hot 
for half an hour in a silver crucible with three parts of carbo- 
nate of potassa,t the fused mass is then boiled repeatedly in 
water, till it no longer affords any thing soluble in that liquid; 


* To prepare tbit substance the native sulphate, powdered after being ignited, is to, be formed 
into a paste with raocilage of gum arabic, and divided into cylinders or pieces of one fourth of an 
inch in thickness. These, after being dried in a moderate heat, are to be exposed to the temperatrae 
of a wind furnace, placed in the midst of the charcoal. When the fuel ** half consumed, it must be 
replenished, and suffered to burn out. The pieces will be found, retaining their original shapes, 
among the ashes, from which they may be separated by the blast of a pair of bellows. They must be 
preserved in a well stopped phial. H. 1. 584. 

f Sulphate of baryta is decomposed by alkaline carbonates, either by fusing a mixture of one part 
of the finely powdered sulphate with three of carbonate of potassa or sodia, or by boiling together the 
pulverized sulphate and a solution of carbonate of potassa. Respecting this decomposition some cari- 
ous facts have been ascertained by Dulong and by Mr R. Phillips. (64). Wbensulpbate of baryta is 
boiled, for two hoars, in contact with precisely its eqaivalent quantity of carbonate of potassa, (that is, 
with the quantity which ought, from theory, to produce entire decomposition) only one foarthof the sul- 
phate of baryta is converted into carbonate. Reversing the process, and boiling together equivalent 
quantities of carbonate of baryta and sulphate of potassa (the mutual decomposition of which could 
not have been expected from the established order of affinities) it was found that, oat of 85 parts of 
carbonate of baryta, 57 had been changed into sulphate. It is obvious, therefore, that the entire do- 
composition of sulphate of baryta by carbonate of potassa can never be expected, so long as the car. 
bonate of baryta, formed by the mutual action of these two salts, remains in contact with the sulphate 
of potassa generated at the same time, for this will reconvert the carbonate of baryta into sulphate. 
Nor will any quantity of carbonate of potassa, that can be cmployed.be adequate to the entire decom- 
position of sulphate of baryta. 

By this process carbonate of baryta, may, boweTsr, be procured in snfficient quantity for the purpose 
of preparing the pure earth and various salts, when the native carbonate connotbe had in sufficient 
abandance. If. 1 683. • 
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the insoluble residue, consisting chiefly of carbonate of baryta, 
may be digested in dilute nitric acid, by which nitrate of baryta 
is formed, and which will yield the pure earth by exposure to 
heat The following method has heen recommended by Dr 
Henry. The sulphate of baryta is to be finely powdered, Heo t 
mixed with three or four times its weight of carbonate of potassa, c tu7 >|n *" 
and boiled with a proper quantity of water for a considerable 
time, in an iron kettle, stirring it, and breaking down the hard 
lumps, into which it is apt to run, by an iron pestle. It is 
then to be washed with boiling water, as long as this acquires 
any taste. On the addition of dilute muriatic acid, a violent 
effervescence will ensue, and a considerable portion of the earth, 
probably along with some metals, will be dissolved. To the 
saturated solution, add solution of pure baryta in water, as long 
as it disturbs the transparency of the liquor. This will throw 
down any metals that may be present ; and the excess of baryta 
may afterwards be precipitated in the state of a carbonate, by a 
stream of carbonic acid. Decompose the muriatic solution by 
any alkaline carbonate ; let the precipitated earth be well wash- 
ed with distilled water; and if the pure baryta is to be obtained 
from it, let it be treated as directed page 27 2. 

Another method consists in exposing to a red heat, in an 
earthen crucible, a mixture of six parts of finely powdered sul- 
phate of baryta, with one of powdered charcoal, for half an 
hour. This converts the sulphate into sulphuret of baryta, 
which is to be dissolved in hot water, the solution filtered and 
mixed with solution of carbonate of soda as long as it occasions 
a precipitate, which when washed and dried, is carbonate of 
baryta. Or, by adding muriatic acid to the liquid sulphuret, 
sulphur is thrown down and sulphuretted hydrogen evolved, 
and muriate of baryta formed, which may be filtered off, and if 
required, decomposed by carbonate of potassa. Or the sulphu- 
ret, as it comes out of the crucible, may be thrown into dilute 
nitric acid, by which sulphuretted hydrogen is evolved, and a 
nitrate of baryta formed, which may be separated from the 
remaining impurities by copious washings with hot water. 

1014. Phosphuret of Barium is produced by passing phos^Thotphmt. 
phorus over heated baryta ; there is an intense action and a 
phosphuret of a metallic lustre is obtained, which acts upon 

water, and affords a solution containing Hypophosphite of Ba- 
ryta . — See (598).* 

1015. Phosphite of Baryta was obtained by Berzelius by Pbocput*, 
adding muriate of baryta to phosphite of ammonia; a crust of 
phosphite of baryta was formed in 24 hours, consisting of 

Phosphorous acid 24,81 

Baryta 67,24 

Water 8,45 1 

• BypopJkotpkiU of Baryta* like the other hjpopbotphites, it very soluble end scarcely crystal 
Usable. 

t Ann. 4* Ckim. tt Pkyt. ii. 391 . 

35 
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1016. Phosphate of Baryta consists of 

28 phosphoric acid 
78 baryta 

106 

It is insoluble in water ; and, therefore, formed by adding a 
solution of phosphoric acid or phosphate of soda to nitrate or 
muriate of baryta. 

Berzelius has described a crystallicable Bi-phosphate of 
Baryta , obtained by digesting the phosphate in phosphoric acid; 
and a Sesqui-phosphate, obtained by pouring the bi-phosphate 
into alcohol, which occasions a precipitate of a white tasteless 
powder composed of 1 proportional of baryta + 1,5 proportional 
of acid. 

1017. Carbonate of Baryta is found native. Artificially 
produced, it is a white compound insoluble in water, con- 
taining 

22 carbonic acid+78 barytas 100. 

It is poisonous. 

1018. Native carbonate of baryta was first discovered at 
Anglesark, in Lancashire, by Dr Withering, and hence acquir- 
ed the name of Witherite . Its primitive crystal is an obtuse 
rhomboid : sometimes it forms pyramidal six-sided prisms. 
It is useful as a source of pure baryta and its salts, and though 
not soluble in water, is poisonous. , It dissolves very sparingly 
in solution of carbonic acid, whenee the superiority of baryta 
water to lime water in some cases as a test of carbonic acid. 
The native carbonate of baryta is much more difficult of decom- 
position by heat than the artificial ; if mixed with a little char- 
coal powder, and kept for some time in a red heat, carbonic 
oxide escapes, and pure baryta is formed. 

1019. Seleniate of Baryta. Selenic acid is capable of unit- 
ing with baryta in two proportions. The neutral salt, which 
is insoluble, consists of 100 acid + 137,7 base; the biseleniate 
which crystallizes in round transparent grains, and is soluble 
in water, is composed of 100 acid + 68 base.* • 

1020. Ferro-cyanate of Baryta may be formed by adding 
prussian blue to a heated solution of baryta in water, till it 
ceases to be discoloured. The filtered solution deposits yellow- 
ish crystals, which have the figure of rhomboidal prisms, and 
are soluble in 1920 parts of cold, or 100 parts of boiling, water. 
They dissolve in nitric and muriatic acids. It consists of 1 
proportional of acid 54 + 1 of base =78 +2 water 16 = 150. 
H. x - 584 - 

1021. The soluble barytic salts furnish white precipitates of 
carbonate and sulphate of baryta, upon the addition of carbonate 
or sulphate of soda. They give a yellow tinge to the flame 
of spirit of wine. The sulphate is insoluble in nitric acid and 
in the alkalies, and very sparingly soluble in sulphuric acid. 

* BtrmU of Buryi* is an insoluble white powiei*. 
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Nearly all the barytic compounds are poisonous ; the safest 
antidote is solution of sulphate of soda, or dilute sulphuric acid. 
(Oejila. Traitl des Poisons , Tom. i. 2me. p. 167.) The 
muriate of baryta has been employed in medicine, but the prin- 
cipal use of baryta is in the chemical laboratory. It is possible 
that pure baryta might be economically used for the decompo- 
sition of sulphate of soda, to obtain the pure alkali. 


Section VI. Strontium. 

1022. This metal is procured from the earth strontia by the 
same process as barium, which metal it resembles in appear- 
ance. 

1023. Oxide of Strontium , or the earth Strontia , is so S tronU«, 
called from Strontian in Scotland, where it was first discovered 

in combination with carbonic acid. It may be prepared either ambitiM* 
by subjecting the carbonate to a strong heat in a crucible, or by 
igniting the nitrate in a porcelain retort or other close vessel. 

A grey substance remains which becomes very hot on the affu- 
sion of water ; and when more water is added and heat applied, 
a considerable proportion of Uie earth is dissolved. On cooling, 
the solution deposits regular crystals : but the shape of these 
differs considerably from that of barytic crystals. The crystals 
of strontia are thin quadrangular plates, sometimes square, 
oftener parallelograms. Sometimes they assume a cubic form. 

H. 1. 585. 

1024. According to Prof. Brande, Strontia consists of 1 pro- composition, 
portions] Strontium 4-7+1 oxygen 8=56. Sir H. Davy, from 
iodirect experiments is disposed to regard it as composed of 

about 86 strontium-f 14 oxygen in 100 parts. 

1025. Pure strontia has a pungent, acrid taste, and when pow- Prop*ru*«. 
dered in a mortar, the dust that rises irritates the lungs and 
nostrils. Its specific gravity approaches that of baryta. It re- 
quires rather more than 160 parts of water at 60° to dissolve 

it; but of boiling water much less. On cooling the crystals 
separate. 

1026. The crystals of strontia give a blood red colour to the 
flame of burning charcoal. The solution of strontia changes the 
vegetable blues to a green. U. 7 22. 

1027. Strontia does not combine with alkalies. Baryta has 
no affinity for it, for no precipitation ensues on mixing the 
watery solutions of the two earths. H. 

1028. Chloride of Strontium may be formed either by 
heating strontia in chlorine gas which disengages oxygen ; or cbionat. 
by dissolving carbonate of strontia in muriatic acid and evapo- 
rating to dryness. It consists of 1 proportional strontium 47+ 

1 of chlorine 36 = 83. 
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1029. The chloride may be converted into muriate by the 
action of water. It crystallizes in long, slender hexagonal 
prisms, which are soluble in two parts of water at €0° and to 
almost any amount in boiling water. In a very moist atmos- 
phere they deliquiate. They dissolve in alcohol and communi- 
cate to its flame a blood red colour. 

1030. Chlorate of Strontia may be obtained by the direct 
action of chloric acid on carbonate of strontia. It is a deliques- 
cent salt, having an astringent taste. It detonates when thrown 
upon red-hot coals with a beautiful purple light. 

1031. Iodide of Strontium may be formed as iodide of bari- 
um (p. 268). Dissolved in water, and carefully evaporated, it 
furnishes delicate prismatic crystals of Hydriodate of Strontia 9 
which, heated in close vessels, fuses, and becomes iodide of 
strontium by loss of water.* 

1032. Nitrate of Strontia may be obtained in the same man- 
ner as the nitrate of baryta ; it crystallizes in octoedra and 
dodecaedra, and is soluble in its weight of water at 60°. Exclu- 
sive of water, this salt consists, according to Richter of 51,4 
acid +48,6 base: or according to Stromeyer of 50,62 acid -+ 
49,38. base. The proportions deducible from the weights of the 
atoms of its ingredients are 51 acid +49 baset. H. 1. 588. 

1033. Its taste is pungent and cooling. At a red heat the 
acid is evolved and partly decomposed, and pure strontia re- 
mains.} 

1034. Sulpkuret of Strontium may be formed by fusing 
strontia and sulphur in a green glass tube ; or by exposing the 
powdered sulphate to a red heat with charcoal. It dissolves in 
water with the same phenomena as sulphuret of potassa, and its 
solution furnishes, by cautious evaporation, crystals of hydrosul* 
phuret of strontia. 

1035. Hyposulphite of Strontia is formed by passing sul- 
phurous acid into the liquid sulphuret : it crystallizes in rhom- 
boids permanent at common temperatures and soluble in about 
5 parts of water at 60°. (Gay-Lussac, Annates de Chimie, 
lxxxv.) According to Mr Herschel, this salt is doubly refrac- 
tive. Its taste is bitter, and it is insoluble in alcohol. Sul- 
phite of Strontia has not been examined. 

1036. Sulphate of Strontia occurs native. It is nearly in- 
soluble, 1 part requiring 4000 of water for its solution. (3840 
boiling, H.) When heated with charcoal, its acid is decom- 
posed, and sulphuret of strontia is formed, which affords 
nitrate by the action of nitric acid. This process equally prac- 


* Iodatt of Strontia ii a very difficultly soluble compound ; it is resolved at * red beat into «yp* 
iodine and strontia. 


t 63 strontia+64 nitric acid = 106. Brand*. 


t This salt is used in the rtd fir* employed at the theatres, which consists of 40 part* of dry nitrate 
of strontia, 13 powdered sulphur, b of chlorate of potassa, and 4 of sulphuret of antiooooy. The chlo- 
rate and sulphuret should be separately powdered, and mixed together on paper with the other ingre- 
dients ; a very small quantity of powdered charcoal may also be added. 
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tiaMe upon sulphate of baryta (1013), is sometimes adopted to 
obtain the earth. Sulphate of sfrontia dissolves in hot Ailphuric 
acid, but is thrown down upon adding water. It consists of 

65 Strontia 
40 Acid 

95* (B.) 

1037. The Native Sulphate of Strontia is sometimes of a 
blue tint, and has hence been called cekstine. Sometimes it is 
colourless and transparent Its primitive form is a prism of 
104° 48' and 75° 42' with a rhomboidal basis. Fine crystal- 
lized specimens are accompanied with native sulphur, from 
Sieily. 

Magnificent crystals are found on Strontian Island in Lake 
Erie.t % Its specific gravity is 3,2. 

1038. Phosphate of Strontia may be formed by mixing 
solutions of muriate of strontia and phosphate of soda. It is 
insoluble in water, but soluble in an excess of phosphoric acid 
(which is not the case with phosphate of baryta) ; it is fusible 
by the blow-pipe into a white enamel, and decomposable by 
sulphuric acid. By igniting it with charcoal, phosphuret qf 
strontium is obtained. It consists of 1 proportional of strontia 
55 + 1 of acid 28 = 8S.|| B. 

1039. Carbonate of Strontia . The relation of strontia to 
carbonic acid resembles, very nearly, that of baryta, and similar 
experiments may be made with its solution. 

1040. Carbonate of strontia is found native, and was first dis- 
covered in 1787 at Strontian in Scotland, whence the name of 
this earth. It was first examined by Professor Hope of Edin- 
burgh in 1791. His experiments are detailed in the Philosoph- 
ical Transactions of the Royal Society of Edinburgh , Vol. 
iv. p. 44. 

1041. The native carbonate of strontia has a greenish tint, 
and occurs in radiated masses, and sometimes in acicular and 
hexaedral crystals. Its specific gravity is 3,6. 

1042. The carbonate of strontia requires for solution 1536 
parts of boiling water. The artificial carbonate, according to 

* According to * considerable majority of the chemists who bare analysed it, sulphate of strontia 
consists of 

Acid <43 100 

Strontia 58 133 

100 238 

Prom these numbers its equivalent baa been dedoced by Dr Wollaston. But Vaoqoelin has stated, 
that it is composed of 46 acid and 64 bass, and Stromeyer of 43 acid and 6? base. The theoretical 
constitution of 1 atom of acid -f* 1 of base would require it to consist of 43,60 acid-}- 56,40 of base. H. 
j Discovered by Major Jas. Delafield. See Amer. Jour. o/Sci'imi, Vol. iv, p. 379. 
\ffyfopkoafkiU of Strontia has been examined by Dalong : it is a very roluhle and difficultly crys- 
taDisabU salt. Pkotpkitt of Strontia has not been examined. 
f| According to Stroroeyer it consists of Acid 36,565 

Base 63,436 

100 
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Point* of re- 
semblance 
between 
strontia and 
baryta. 


Distinctions. 


Mafoesia. 


Stromeyer* does not essentially contain any water. It consists 
of Strontia . . . 70,313 or 100 

Carbonic acid . 29,687 42,22 


100 . 

These scarcely differ from its theoretical proportions, viz. 1 
proportional strontia 52, + 1 carbonic acid 22 = 74. 

When strongly heated with charcoal powder, it is decom- 
posed, carbonic oxide is given off, and pure strontia remains.t 

1043. There is in many respects a resemblance between 
strontia and baryta which has led to confusion in analysis. 

The following are some of the most striking points of resem- 
blance. They are both found native in the states of sulphate 
and carbonate only ; both sulphates are soluble in excess of sul- 
phuric acid, and nearly insoluble in water; they are decompo- 
sable by similar means, as well as the native carbonates : they 
are both crystnllizable from their hot aqueous solutions, and 
both attract carbonic acid. The carbonates are each soluble 
with effervescence in most of the acids ; but the native carbo- 
nates are not so easily acted on as the artificial. Pure ammonia 
precipitates neither one nor the other. 

The following are essential distinctions. Baryta and all its 
salts, except the sulphate, are poisonous. The corresponding 
strontitic salts are innocent. Baryta tinges flame yellow ; stron- 
tia, red. Strontia has less attraction for acids than baryta, 
hence the strontitic salts are decomposed by baryta. The 
greater number of the barytic salts are less soluble than those 
of strontia, and they differ in their respective forms and solu- 
bilities. Pure baryta is ten times more soluble in water than 
pure strontia. 


Section VII. Magnesium* 

1044. TnE metallic base of magnesia has not hitherto been 
obtained ; but, when that earth is negatively electrized with 
mercury, the resulting compound decomposes water, and gives 
rise to the formation of magnesia . From the properties of the 
amalgam it appears that it is a white solid metal heavier than 
water, and highly attractive of oxygen. 

1045. Magnesia or Oxide of Magnesium is concluded, from 
indirect experiments, to consist of 12 metal + 8 oxygen ; its 
representative number, therefore, is 20. It may be procured 
by exposing the carbonate of magnesia to a red heat. Mag- 
nesia is a white insipid substance, which slightly greens the blue 
of violets. Its specific gravity is 2,3; it is almost infusible and 
insoluble in water. I once succeeded in agglutinating a small 

* Ann de ('him. et Pbys. iii. 396. 

t Boratt qf Strontia wu formed by J)r Hope. It is a white powder soluble in 130 ports of water. 


Digitized by 


Google 



NITRATE Or MAGNESIA. 


279 


portion of this earth in the voltaic flame, and whilst exposed to 
this high temperature, it was perfectly fused by directing upon 
it the flame of oxygen and hydrogen. (Brands.) A mixture 
of magnesia and lime is scarcely more fusible than the pure 
earth. It does not absorb carbonic acid or moisture, as is the 
case with the other alkaline earths. 

Magnesia is by no means a rare production of nature, for 
though very seldom found in a state approaching to purity, yet 
it enters largely into some rocks that compose extensive forma- 
tions, such as serpentine, steatite, &c. : and in combination with 
sulphuric and muriatic acids it forms a large proportion of the 
ingredients of sea-water. Its principal use is in medicine. 

1046. Native Hydrate of Magnesia is found at Hoboken, 
in New Jersey, its colour is white inclining to green ; its texture 
lamellar and soft. It is dissolved in acids without effervescence, 
and consists of 70 magnesia, 30 water. 

1047. Chloride of Magnesium may be obtained by passing 
chlorine over red-hot magnesia ; oxygen is expelled, and a sub- 
stance obtained which moisture converts into muriate of mag- 
nesia. 

1048. Muriate of Magnesia is very deliquescent, and diffi- 
cultly crystallized. Its solution has a bitter saline taste. Ex- 
posed to heat and air, muriatic acid flies off and the magnesia 
remains pure. It consists of 

Magnesia ... 20 Muriatic acid 87. 

1049. Muriate of Magnesia is found in a few saline springs, 
and constitutes about one eighth of the solid ingredients of the 
water of the ocean . 11 By evaporating a pint of sea-water we 
obtain 

Commoo Salt • • . 180,5 gr». Sulphate of Magneiia . . • 

Moriate of Magnesia 93 Sulphate of Lime ..... 7,1 3 ’ 

The average specific gravity of sea- water is 1,026 or 1,028. 
It freezes at about 28, 5°, and does not appear materially to 
differ in composition in different latitudes, provided it be taken 
from a sufficient depth. Near the mouths of rivers, and in the 
vicinities of melting ice or snow, its composition will of course 
viry.J 

1050. Hydriodateof Magnesia is deliquescent and abandons 
its acid when heated. When iodine is heated along with mag- 
nesia and water, both hydriodate and iodate of magnesia are form- 
ed. By concentrating the solution, both salts are partly decom- 
posed ; and a flocculent iodide of magnesia is formed, which 
when heated, loses part of its iodine, and is changed into a sub- 
iodide. H. 1. 593. 

1051. Nitrate of Magnesia may be prepared by dissolving 
carbonate of magnesia in diluted nitric acid. The solution, 
when evaporated, yields crystals in the shape of prisms, with 

•WOw. Trrnm, 1810. 

1 Analyst of S&Watrr, Edinburgh Phil. Trmnt. Vol. rui. p. 205. 

t ttbrmtt Mmgnuim it a bitter deliquescent tall 
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foul* oblique faces truncated at their summits. Most commonly, 
however, it forms a shapeless mass, consisting of an immense 
number of small needle-shaped crystals, crossing each other 
irregularly. These crystals deliquiate in the air, and are solu- 
ble in half their weight of water. When exposed to the beat 
of ignition, they fuse; a few bubbles of oxygen gas first escape; 
and the nitric acid then passes undecomposed. The salt con- 
tains, exclusive of water, according to Dalton, 69 acid + 31 
base.* 

1052. Ammonia- Nitrate of Magnesia may be obtained by 
evaporating a mixed solution of nitrate of ammonia and nitrate 
of magnesia; it forms prismatic crystals of a bitter acrid taste, 
soluble in about 11 parts of water at 60°, and less deliquescent 
than their component salts separately. Fourc&ot, Annalesde 
Chimie, iv. 215. 

1053. Sulphuret of Magnesia . — Sulphur and magnesia de 
not appear to form a complete sulphuret, for when melted 
together the compound does not dissolve in water ; and when 
heated the sulphur burns off. 

1054. Hyposulphite of Magnesia may be formed by boiling 
flowers of sulphur in solution of sulphite of magnesia; it is 
bitter, very soluble, but not deliquescent. Being more soluble 
in hot than cold water, it readily crystallizes as its solution 
cools; heated, it burns with a blue flame, and by a sufficient 
continuance of the heat, the whole of the acid is .expelled, and 
magnesia remains. 

1055. Sulphite of Magnesia is prepared by passing sulphur- 
ous acid through water containing diffused magnesia. It forms 
tetraedral crystals soluble in 20 parts of water at 60°. 

1056. Sulphate of Magnesia is a commonly occurring com- 
pound of this earth, much used in medicine as an aperientet 
It is largely consumed in the preparation of carbonate of mag- 
nesia. It crystallizes in four-sided prisms with reversed dihe- 
dral summits ; or four-sided pyramids. Its taste is bitter. It 
is soluble in its own weight of water at 60°. When exposed 
to a red heat, it loses its water of crystallization, amounting to 
about 50 per cent., but is not decomposed. It consists of 


Magnesia . . . . 20 . . . Sulphuric acid 40 = 60. 

exposition. 

In its crystallized state, it may be considered as composed of 
1 proportional of dry sulphate + 7 proportionals of water, or 60 
sulphate + 63 water = 123. 

Howobuin- io57. This salt is usually obtained from sea-water, the residue 
of which, after the separation of common salt, is known by the 


•ffissusi-* “■ 


f When highly concentrated sulphuric acid it suddenly ndded to fresh prepared end pore aifoees. 
very greet beet end vapour ere excited, eccompenied frequently with en extrication of light: ea 
appearance first observed by Westrumb. But if the carbonate of magnesia be added to diluted aidpko- 
ric acid, the carbonic acid is expelled, and a solution of wlphato of magnesia is feemed, which 
crystallizes ©a evaporation and cooling. H. 1. 597. 
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name of bittern, and contains sulphate and muriate of magnesia ; 
the latter is decomposed by sulphuric acid : a portion of muriate 
of magnesia often remains in the sulphate and renders it deli- 
quescent : it is also occasionally obtained from saline springs ; 
and sometimes by the action of sulphuric acid on magnesian 
limestone. It was once procured from the springs of JSpsom in 
Surrey, and hence called Epsom salt . It has been found native, 
constituting the bitter salt and hair salt of mineralogists : it 
not unfrequenlly occurs as a fine capillary incrustation upon the 
damp walls of cellars and new buildings. 

1058. The sulphate of magnesia of commerce is occasionally A a aUfrmt 0 n, 
adulterated with small crystals of sulphate of soda ; the fraud is how detect**, 
detected by the inferior weight of the precipitate, occasioned 

by adding carbonate of potassa ; 100 parts of pure crystallized 
sulphate of magnesia furnishing a precipitate of about 40 parts 
•f dry carbonate. 

1059. Ammonio-Sulphate of Magnesia may be obtained Aromonio _ 
by mixing solution of splphate of ammonia with solution of s®iph»t*. 
sulphate of magnesia ; or by pouring ammonia into a solution 

of the sulphate of magnesia, in which case, part only of the 
magnesia is thrown down, the remainder forming with the sul- 
phate of ammonia this triple salt. It crystallizes in octoedra 
and consists of 68 sulphate of magnesia + 32 sulphate of ammo- 
nia = 100.* 

1060. Phosphate of Magnesia is formed by adding the car- 
bonate of magnesia to phosphoric acid. It is insoluble. Ac- 
cording to Fourcroy, crystals of phosphate of Magnesia may be 
obtained by mixing the aqueous solutions of phosphate of soda 
and sulphate of magnesia. The bi-phosphate crystallizes in 
irregular six-sided prisms, soluble in 14 parts of water at 60°, 
and efflorescent. 

1061. Ammoniophosphate of Magnesia is formed by mix- Aminooio _ 
ing the solutions of phosphate of ammonia, and phosphate of Phmpfet*. 
magnesia; it precipitates in the form of a white crystalline 
powder, or in small four-sided prisms, tasteless, and scarcely 
soluble in water, but readily soluble in dilute muriatic acid. 

Exposed to a high temperature it falls into powder, evolves 
ammonia, and fuses with difficulty. According tq Fourcroy, it 
contains equal weights of phosphate of ammonia, phosphate of 
magnesia, and water. 

To separate magnesia from other earths, Dr Wollaston availed d, w«um> 
himself of the formation of this triple phosphate. A mixture, 
for instance, of lime and magnesia may be dissolved in muri- 
atic acid ; and, upon the addition of bi-carbonate of ammonia, 
the lime is thrown down in the state of carbonate, but the mag- 
nesia is retained by the excess of carbonic acid. Filter and add 
a saturated solution of phosphate of soda, and in a short time the 
ammonio-magnesian phosphate falls down, 100 grains of which 
are equivalent to about 20 of magnesia. In occasionally em- 

* Fourcroy, Annoltt it Ckrmit, vi. 

36 
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ploying this process, however, I have never been able to throw 
down the whole of the magnesia, a portion being under all cir- 
cumstances retained in solution. Brands. 

Cwbon&te, 1062. Carbonate of Magnesia . Pure magnesia does not 
attract carbonic acid with nearly the same intensity as lime. 
Hence magnesia may be exposed to the air without any im- 
portant change in its properties, or much increase of weight, 
unless the exposure be long continued, when it first becomes 
a hydrate by absorbing water, and then attracts carbonic acid 
from the atmosphere. 

Process for The car bonate °f magnesia of the shops is prepared by mix- 
obtaining. jng together concentrated and hot solutions of carbonate of 
potassa and sulphate of magnesia. The sulphate of magnesia 
thus formed is removed by copious washing with water, 
and the carbonate of magnesia is then dried. The proportions 
employed are filtered solutions of 4 parts of the crystallized 
sulphate and 3 of the carbonate of potassa. One hundred parts 
of the desiccated sulphate give about 71 of carbonate of magne- 
sia, or about 33 of the pure earth. H. 1. 598. It is a white, 
insipid, and insoluble powder, which loses its acid at a red 
heat, and thus affords pure magnesia. It contains 

20 magnesia + 22 carbonic acid = 42. B. 

1063. Water at 60° dissolves only l-2493d of its weight, and 
at the boiling temperature, 1 -9000th part, of common carbonate 

Decom «cd ma 8 1ies * a *^ The addition of almost any acid to the carbonate 
br^SSTwid expels its acid, and a compound remains of magnesia with the 
heaU new acid which has been added. The affinity of carbonic acid 
appears, indeed, to be feeble, for it is expelled by a very mode- 
rate heat, much inferior to that required for the decomposition 
of carbonate of lime. The residue is pure magnesia, which, for 
medical and chemical uses, is always prepared by the calcina- 
tion of the carbonate, and hence its name of calcined magnesia . 
H. 1. 5954 

1064. Carbonate of magnesia was first used in medicine early 
in the last century. It is often obtained from sea-water, after 

retire, the separation of its common salt. It is found native constitut- 
ing the mineral called magnesite . It has been found at 
Hoboken, New-Jersey, in veins in a serpentine rock, accompa- 
nying the native hydrate. It is generally white and friable, 
and in some places in fine acicular crystals. 

* Fourcroy, Annales de Cfrimie. ir. 

Sulphate of Potassa and Jtfajneeia forms rhomboid*) crystals, scarcely more soluble than sul- 
phate of potass*, and of * bitter taste, 
f Edin. Thilcs. Jour. v. 305. 

t When the common carbonate is calcined )□ the large way, it appears as if boiling, from the extri- 
cation of carbonic acid ; a’fmall portion ascends like a rapouf, and U deposited in a white powder oa 
the cold bodies with whiffc it oomea into otntact ; and in a dark place, toward the end of the opera- 
tion it shines with a bluish pboepbori^ligbi. 

A s the magnesia of the shops is sometimes adulterated with chalk, this may be detected by the 
addition of a little sdtptfnric acid diluted with eighfor ten titnes its weight of water, as ihi* will form 
with the magnesia a re ry soluble salt, while the sulphate of lime will remain undissolred. Calcined 
magnesia should diseolrc in this dilute acid without any effervescence. U. 31. 


Digitized by LjOOQle 



CARBONATE OP MAGNESIA AND POTASSA. 


283 


1065. The saturated carbonate of magnesia (as it has gene- sutured 
rally been considered,) may be obtained, by passing streams 0 f CMbo “ le * 
carbonic acid gas through water, in which common magnesia is 
kept mechanically suspended, or by adding a very dilute solu- 
tion of carbonate of soda, highly charged with carbonic acid 
under pressure, to a dilute solution of sulphate of magnesia. 

No immediate precipitation ensues, but, after a few days, con- 
geries of crystals will be found adhering to the inner surface of 
die glass vessel.* H. 1.594. According to Berzelius these Co *i K, » itiofc 
crystals consist of 29,583 base, 31,503 acid, 38,914 water. 

Dr Henry conceives their true composition to be as follows, and 
that the existence of a bi-curbonale of magnesiai has not been 
proved, viz. 


1 atom of magnesia . . 

. . 20 . 

. 28,60 

1 atom of carbonic acid 

. . 22 . 

. 32, 

3 atoms water . . . 

. . 27 . 

. 39,40 


69 

100, 


1066. Borate of Magnesia may be formed artificially. . It Borate, 
occurs native in a mineral called boracite } hitherto only found 

in the duchy of Luneburgh. Its primitive form is the cube, but 
the edges and angles are generally replaced by secondary planes, 
and four of the angles are always observed to present a greater 
number of facets than the other four ; these crystals become 
electric by heat; the most complex angles being rendered posi- 
tive, and the simplest negative. It sometimes contains lime. 

1067. Carbonate of Magnesia and Potassa — Berzelius has 
described a salt with double base, which may be formed by mix- catenate of 
ing bi-carbonate of potassa in excess, with muriate of magnesia4 

No precipitate appears, but in a few days the salt arranges 
itself in crystalline groups on the sides of the vessel. It con- 
sists of 

Potassa 18,28 

Magnesia 15,99 

Carbonic acid 34,49 

Water 31,24 


100 , 

1068. The salts of magnesia are for the greater part soluble in 
water, and afford precipitates of magnesia, and of carbonate of 
magnesia, upon the addition of pure soda, and of carbonate of 
soda. Phosphate of soda occasions no immediate precipitate 
when added to a magnesian salt, but the addition of ammonia 
causes a white precipitate of the triple ammonio-magncsian 
phosphate. 


_ _ w a* is prepared by adding three drachms of carbonate of magnesia 

to oat gallon of water ; tbt liquid is then impregnated with carbonic acid by means of a forcing pomp, 
(tf. S. Pkmrmme^p.) 

t According to Professor Brando “ bi-c*rbonoU" of magnesia contains 20 magnesia 44 carbonic acid 


t Edin. Philos. Joor. u:91. 
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1069. The minerals which contain magnesia are generally 
soft and apparently unctuous to the touch ; they have seldom 
either lustre or transparency, and are generally more or less of 
a green colour. 

separation of 1070. The separation of magnesia and lime is a problem of 

Magnesia and some importance in analytical chemistry, as they often exist 

fi ®® together in the same mineral, more especially in the varieties of 
magnesian limestone. When solution of carbonate of ammonia 
is added to v the mixed solution of lime and magnesia in nitric or 
muriatic adds, carbonate of lime falls, and the magnesia is 
retained in solution and may be separated by boiling : this 
method, however simple, is not susceptible of great accuracy, 
for a portion of carbonate of lime will always be retained along 
with the magnesia in solution, and a triple ammoniaco-magnesian 
salt is also formed. The following process is recommended by 
Professor Brande. To the mixed solution of lime and magnesia 
add oxalate of ammonia slightly acid/ collect the precipitate, 
wash and dry it. 65 parts indicate 28 of lime. If nitric or 
muriatic acid were used for solution, the magnesia may after- 
wards be obtained by evaporation and heating the residue to 
redness in a platinum crucible till it ceases to lose weight. If 
sulphuric acid were the solvent, the same operation affords dry 
sulphate of magnesia of which 60 parts are equivalent to 20 
magnesia.* 

M. Longchamp has published a valuable paper on this subject, 
in the 12th vol. of the Jinn, de Chim. et Phys. He considers 
sub-carbonate of ammonia as the best re-a gent for separating the 
two earths. Care must be taken to filter the solution from the 
calcareous precipitate, shortly after the addition of the sub-car- 
bonate. If it stand 12 or 18 hours, sub-carbonate of magnesia 
falls with the carbonate of lime. 100 parts of solution of pure 
muriate of lime gave, with sub-carbonate of ammonia 1 ,5475 
parts of carbonate of lime; 100 of the same solution, previously 
mixed with muriate of magnesia in excess, yielded 1,5585 parts. 
Alkaline sub-carbonates dissolve the sub-carbonate of magnesia ; 
but causticpotash precipitates magnesia perfectly, either with or 
without heat. He objects to the method of separating these 
earths by first converting them into sulphates ; first on account 
of the great difficulty of driving off the water from the sulphates 
of magnesia; secondly, from the difficult solubility of heated and 
dry sulphate of magnesia in water ; and thirdly because the sul- 
phate of magnesia is partly decomposed at very high heats. U. 
571. 


Section VIII. Mahganest. 

1071. The common ore of manganese is the black, or perox- 
ide, which is found native in great abundance. The metal is 

* For the process recommended by Hr R. Phillips, see Quarterly Journal, Vol vi. 317. 
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obtained by mixing this oxide, finely powdered, with pitch, Process for 
making it into a ball, and putting this into a crucible, with urncmSagC 
powdered charcoal, one tenth of an inch thick on the sides, and neM> 
one-fourth of an inch deep at the bottom. The empty space is 
then to be filled with powdered charcoal, a cover is to be luted 
on, and the crucible exposed, for one hour, to the strongest heat 
that can be raised. Mr Faraday has succeeded in obtaining metal- 
lic manganese in large globules from the triple tartrate of man- 
ganese, by heating it in a crucible in a wind furnace per se. (H.) 

It is of a bluish white colour, very brittle, and difficult of fusion. 

When exposed to air it becomes an oxide. Its specific gravity 
is 8,013. It is not attracted by the magnet, except when con- 
taminated with iron. 

1072. Manganese and Oxygen . There is a diversity of^^ 
opinion among chemists as to the number of oxides of man- 
ganese, and their composition. According to Sir H. Davy 
there are only two ;* ** Mr Brande admits three, Thenard four,t 

and Berzelius five.J 

Th e protoxide may be obtained by digesting the native black p rotQ1 ia*. 
oxide in muriatic acid. Chlorine is abundantly evolved, and 
the hydrogen of the muriatic acid unites with part of the oxy- 
gen of the oxide to produce water. The metal thus partly deoxi- 
dized, is dissolved by the remaining muriatic acid, forming a 
muriate of manganese. Iron is almost always present, which, 
as Mr Hatchett has shown, may be easily separated by neutral- 
izing the muriatic solution wit!/ ammonia. The oxide of iron 
is directly precipitated, but oxide of manganese remains in solu- 
tion, and may be separated by excess of ammonia. § The solu- 

tions of peroxide of manganese furnish a white precipitate with 
the alkalies, which is a hydrated oxide of manganese , and 
which, -whon dried in close vessels, acquires an olive colour, 
and is the protoxide . Exposed to moist air, it passes into the 
state ofdeutoxide and peroxide. |[ 

1073. When peroxide of manganese is heated red-hot till it Pentoni*. 
ceases to give out gas, a dark reddish-brown deuioxide of man- 
ganese remains, which, when acted upon by sulphuric acid, is, 

* Klemeots, p. 369. f Trait6 de China, ii. 331 . 

| For the result* of several analysts, see Henry’* Chemistry, Vol. ii. p. 3. 

% Oo the separation of iron from manganese, sea Quarterly Journal of Scicoce and the Arts, V oL 
*». p. 143. 

H Dr Ure’s method consists in dissolving common black manganese in sulphuric or nitric acid, adding 
• little sogar and precipitating by solution of potash. A white powder is obtained,* which being 
S«ated to redness out of the contact of air, becomes yellow, pace-coloured, and lastly red-brown. To 
be preserved, it should be washed in boiling water, previously freed from air, and then dried by distil- 
ling of the moisture in a retort filled with hydrogen. The dark olive oxide, when examined in large 
quantities, appears almost black ; but when spread upon white paper, its olive tint is apparent, ft 
takes fire when gently heated, increases in weight, sod acquires a browner tint. It slowly absorbs 

**7(«n from the air, even at common temperatures. It dissolves in acids without eflV rvesccnce. The 
different tints which this oxide assumes by exposure to eir are supposed by Sir H. Devy to depend on 
the formation of variable quantities of the black brown oxide, which probably retains the water con-' 
tsinrd in the white hydrate, and is hence deep puce-coloured. L T . 672. 

• The hydrmttd prof aside. 


Digitized by LjOOQle 


386 


OXIDE OV MANGANESE. 


Peroxide. 


Black wad. 

Spontaneous 

inflammation 

of. 


Composition 
of the oxides 


C barn «1««i 
mineral. 


according to Gay-Lussac, resolved into protoxide and peroxide. 
Exposed to moist air it absoibs oxygen, and is partly re-convert* 
ed into peroxide. The deutoxide is mqpt easily obtained pare, 
by triturating peroxide of manganese in fine powder, with super- 
oxalate of potassa and water : a pink solution is obtained, from 
which ammonia throws down the deutoxide.* 

1074. The Peroxide, of Manganese is black ; it is not solu- 
ble in acids ; and abounds as a natural product.t It abounds in 
various parts of Europe and in the United States4 It occurs 
compact and crystallized ; the crystallized varieties have a grey 
metallic lustre. It is generally blended with sulphate of baryta. 

1075. The oxide of manganese which is sometimes called 
black wady and which occurs in froth-like coatings on other min- 
erals, is remarkable for its spontaneous inflammation with oil. — 
If half a pound of this be dried before a fire, and afterwards 
suffered to cool for about an hour, and it be then loosely mixed 
or kneaded with two ounces of linseed oil ; the whole, in some- 
thing more than half an hour, becomes gradually hot, and at 
length bursts into flame. U. 573. 

1076. According to the analysis of Berzelius (Annates de 
Chim. ixxxvii.) the oxides of manganese are composed as 
follows : 

Protoxide. Deutoxide. Peroxide. 

Manganese 100, 100, 100, 

Oxygen 28,1 42,16 56,2 

From which it appears that th% proportions of oxygen to each 
other, are as 1, 1,5, and 28,1 ; 100 : : 8 : 28,4, as the repre- 
sentative number of manganese. Dr Davy’s analysis of the 
chloride of manganese§ which was made in an unexception- 
able way, gives the number 28,6. As further experimental 
evidence is wanting, we shall not be far from the truth in as- 
suming 28,0 as the equivalent of manganese, and the three ox- 
ides will then consist of 

Protoxide. Deutoxide. Peroxide. 

Manganese, 1 pfopor’l 28,0 28,0 28,0 

Oxygen . . 1 . . . . 8, 1,5 prop 1 ! 12, 2 propM 16, 

36 40 44 B.g 

1077. Scheele having mixed black oxide of manganese with 
caustic potash, and exposed it to a heat sufficiently strong to 
melt the alkali, obtained a dark green, or blackish mass, which 
was soluble in water. By degrees, a yellow powder precipi- 
tates from the solution, and the liquid assumes a blue colour ; 

* See also a memoir on the oxides tod salts of manganese in the Annals of Philosophy (1891 Vol. i. 
N. 8. p. 50.) Dr Forchhammer has there given other processes for obtaining the oxides of mup* 
aese. 

f TriUxid* of Thomson. 

1 For localities see Cleareland’s Mineralogy. 679. 

4 Pkit, Transactions, 1819. 184. (1089.) 

|| Dr Thomson from the composition of the sulphate makes the number for manganese 8,5 oxygen 
= 1 • • 98 Hydrogen = 1. First Principle, i. 967. 
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sometime after, the colour becomes violet , and then red ; and 
finally black oxide of manganese precipitates, and the liquid 
loses all colour. In consequence of this curious succession of 
colours, the liquid thu£obtained used to be distinguished by the 
name of mineral chameleon . 

We may employ nitre instead of potash, and the process will 
succeed equally well.* The manganese and nitre, both re- 
duced to powder, are mixed together, and thrown into a red- 
hot crucible, the nitric acid is decomposed, and we obtain a com- 
pound of highly oxidized manganese and potassa.t Its colour 
varies with the quantity of water added to it. A small quanti- 
ty gives a green solution ; a further addition changes it to blue ; 
more still to purple, and a still larger quantity to a beautiful 
deep purple. 

1078. The experiment may be varied, by putting equal quan- 
tities of this substance into two separate glass vessels, and pour- 
ing on the one hot, and on the other cold, water. _ The hot 
solution has a beautiful green colour, and the cold one is of a 
deep purple. The same material, with water of different tem- 
peratures, assumes various shades of colour. H. 2. 9. 

1079. Messrs. Chevillot and Edwards have ascertained that 
the colour of the chameleon mineral is owing to manganese and 
not to any other metal ; that the contact of oxygen gas with 
the fused materials is essential to its formation, during which 
oxygen is absorbed ; and that the chameleon compound is a 
neutral salt, susceptible of assuming a regular crystallized 
form.J 

When these crystals are heated in contact with hydrogen 
gas, they cause it to inflame. They detonate violently with 
phosphorus ; and set fire to sulphur, arsenic and antimony, and 
intkeed to all combustible bodies hitherto tried. 

1080. Messrs Chevillot and Edwards conceive that in this 
compound the manganese is converted into manganesic acid, 
which combines with the potassa and forms a manganesiate . 
Forchhammer supposes that two acids exist, and that the differ- 
ent colours of the solution depend upon the conversion of man- 
ganesous into the manganesic acid. — Though it is extremely 
probable, that manganese is capable of forming one or more true 
acids with oxygen, yet the proportion of the elements of these 
acids may be considered as undetermined. H. 

1081. Manganese and Chlorine . — By burning the metal in 
chlorine, or by exposing muriate of manganese to a strong 
heat, a pink semi-transparent flaky substance is obtained, which, 
when dissolved in water, produces a muriate of manganese. 

1082. Muriate of Manganese . The action of muriatic acid 
on the black oxide of manganese is most important. According 
to the old theory, part of the acid acts on one portion of the 

• Thomson's First Principles, 370. 

t If caustic potash be me A the proportions should be ooe part of roenganese and fire or six of potash. 

JAon. de Chim. et Phjs. ir. *#7. riii. 337. 
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oxide ; and first reduces it to the state of protoxide, and then 
dissolves it, affording muriate of protoxide of manganese. 
The oxygen, thus liberated, uniting with another portion of 
muriatic acid, composes oxy-muriatic add. But, on the more 
probable theory of chlorine, the hydrogen of the muriatic acid 
is attracted by the oxygen of the oxide, and the chlorine is not 
formed, but merely set at liberty. 

1083. Muriate of manganese may be easily formed by heating 
excess of the black oxide with muriate of ammonia in a cruci- 
ble dissolving the mass in water and filtering. If this solution 
be evaporated to dryness and fused out of the contact of air, the 
crystallized chloride is obtained.* Heated in contact of air, it is 
decomposed, and oxide of manganese remains. The crystals of 


muriate of manganese consist of 

Protoxide of Manganese ...... 38,50 

Muriatic acid 20,04 

Water • . 41,46 


100, ff. 2. 8. 

1084. Nitrate of Manganese . — Dilute nitric acid readily 
dissolves protoxide of manganese, and forms a very soluble and 
difficultly crystallizable proto-nitrate. The same salt may be 
obtained by digesting peroxide of manganese in nitric acid with 
a portion of gum or sugar, which abstracts oxygen, carbonic 
acid is evolved, and the protoxide dissolved by the acid. Ex- 
posed to light, the solution of the protonitrate lets fall a portion 
of peroxide of manganese. 

When dilute nitric acid is poured upon thedeutoxide of n^n- 
ganese, a protonitrate and peroxide are formed. 

The composition of nitrate of manganese, according to Prof. 
Brande is 36 protoxide + 54 acid = 90. According to Dr 
Thomson, it consists of 1 atom acid, 1 protoxide and 7 atgpis 
water. First . Prin . ii. 349. 

1085. Manganese and Sulphur appear unsusceptible of com- 
bination ; but a compound of oxide of manganese and sulphur 
is found in Transylvania and Cornwall. It is of a blackish 
grey colour, and metallic lustre. The oxide, however, unites 
with sulphur by fusion, in the proportion of 8 of the former to 
3 of the latter ; and a compound is obtained of a green colour 
which gives out sulphuretted hydrogen gas by the action of. 
acids. H.t * 

1086. Sulphate of Manganese is formed by dissolving the 
protoxide or protocarbonate in the acid, and evaporating to 


♦ According to Dr J. Dot) the chloride consists of 

Chlorine . . . . 54 • 100 117,64 

Manganese . . 46 85 100 

100 


Mow 64 t 46 : : SO : 90 A* The weight, therefore, of the atom of manganese, deduced from tk« 
chloride, exceeds that inferred from the oxide. It is not improbable that SO will prove to be Tory near 
the true number. H. ii. 6. 

f Hyposulphite of Manganese remains in solution when sulphate of manganese is deeomposed b» 
bjrposulpbate of lime. 


Digitized by 


Google 


IRON. 


289 


dryness: a white protosulphate is formed; which crystallizes in soipbate. 
rhomboidal prisms, and consists of 

36 protoxidg + 40 sulphuric acid *= 76. 

It is very soluble in water, and has a bitter styptic taste : at 
a bright red heat it gives out oxygen, and sulphurous acid and 
deatoxide of manganese remain. It may also be obtained bf 
mixiog peroxide of manganese into a paste with sulphuric acid* 
in d heating it in a basin nearly to redness : oxygen is evolved, 
and the dry mass washed with water affords the sulphate. 

1087. Deutosulphate of Manganese is formed by digesting D eof0id . 
the deatoxide in sulphuric acid diluted with its bulk of water : P b ‘ u * 

a red solution is formed, but the salt cannot be obtained in a 
neutral or separate state, for the application of hedt evolves 
oxygen, and forms protosulphate. It is, probably, to a littld 
deutosulphate that the occasional red tinge of the protosulphatd 
is to be attributed.* 

1088. Carbonate of Manganese is white, insipid, and inso- ca*ooat«. 
luble in Water. It is precipitated by alkaline carbonates from 

the protomuriate or protosulphdte, and consists of 36 protox- 
ide + 22 carbonic acid = 58.t 

1089. The salts of manganese containing the protoxide are cbaraeteria- 
mostiy soluble in water, and the solution becomes turbid and 

brown by exposure to air. They are not precipitated by hy- mangenei? 
driodic acid ; they furnish white precipitates with the alkalies, 
which soon become discoloured by exposure to air; they are 
precipitated white by ferro-prussiate of potassa, and yellow by 
hydrosulphuret of ammonia. 

1090. The native peroxide of manganese is used in the labo- 
ratory as a source of oxygen, and is largely employed in the 
preparation of chlorine, especially by the bleachers. It is used 
in glass-making, and, when added in excess, gives it a red at 
violet colour. It is also employed in porcelain painting ; and it 
gives common earthen ware a black colour, by being mixed with 
the materials before they are formed into vessels. 


Section IX. Iron . 

1091. The most important native combinations of iron, 
whence the immense supplies for the arts of life are drawn, are 
the oxides. Iron is also found combined with sulphur, and 
with several acids; it is so abundant that there are few fossils 

*nmpkurtt of AiMfMMN it of a bhte wbHa metallio hntre, and considerably inflammable, 
aad Hypo p kotpkUo of J fmttgmnen hare not been examined. Pkotpkato of Man^mum ia 
F*ipitated ia the form of a white iasoluble powder, by adding phosphate of soda to muriate of mad* 
pan. 

t According to Dr Jobnit-is composed of Protoxide , S5,8d 
Water . . 10, 

Carbonic acid 94,16 

100 , 

37 
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free from it It is also found in some animal and vegetable 
bodies, and in several mineral waters. 

Iron is a metal of a blue white colour, fusible at a white beat 
Its specific gravity is 7,78. It has not been so long known as 
toany of the other metals ; it was, however, employed in the 
time of Moses for cutting instruments. It is extremely ductile, 
but cannot be hammered out into very thin leaves. 

1092. Iron is sometimes found native, and is usually regard- 
ed as of meteoric origin, for it is invariably alloyed by a por- 
tion of the metal nickel, and a similar alloy is found in meteoric 
stones . Native Iron is flexible, cellular, and often contains a 
green substance of a vitreous appearance. It has been found in 
Africa, in America, and in Siberia, where a mass of it weighing 
1600 lbs was discovered by Professor Pallas. The mass found 
in Peru, described by Don Rubin de Celis, weighed 15 tons. 
Many masses are scattered over the continent of North Ameri- 
ca, for which see Cleaveland’s Mineralogy , 583. 

1093. Iron and Oxygen . — Exposed to heat and air iron 
* quickly oxidizes, or in common language rusts. If the tempe- 
rature of the metal be raised, this change goes on more rapidly , 
and when made intensely hot, takes place with the appearance 
of actual combustion. Thus the small fragments, which fly from 
a bar of iron during forging, undergo a vivid combustion in the 
atmosphere ; and iron filings, projected upon the blaze of a 
torch, burn with considerable brilliancy. The oxide, obtained 
in these ways is of a black colour, and is still attracted by the 
magnet. 

1094. By contact with water at the temperature of the atmos- 
phere, iron becomes slowly oxidized, and hydrogen gas is 
evolved. It fias been contended by Dr Marshall Hall (Jour. 
Boy. Inst vii. 55) that water, provided it be entirely deprived 
of oxygen gas, and secured from contact with atmospheric air, 
'does not oxidate iron at common temperatures ; but it has been 
shown by M. Guibourt (Jinn, de Chim. et Phys. xi. 40) that 
this inaction of pure water on iron, takes place only when the 
quantity of metal relatively to the fluid is very small ; and that 
a temperature of from 120° to 140° F. renders water decom- 
posable by iron, especially when the metal bears a considerable 
proportion to the water. 

1095. When the steam of water is brought into contact with 
red-hot iron, the iron is converted into the black oxide ; and an 
immense quantity of hydrogen gas is set at liberty (351). The 
iron is found to have lopt all its tenacity, and may be crumbled 
down into a black powder, to which the name of finery cinder 
was given by Dr Priestley. In composition it does not appear 
to diner from the oxide of iron obtained by the action of atmos- 
pheric air, and it is strongly magnetic. By a careful repetition 
of the process, Dr Thomson found, that 100 grains of iron, 
ignited in contact with the vapour of water, acquire 29,1 grains 
of oxygen. 
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1096. When iron is dissolved in diluted sulphuric acid, the acid or dilute *) 
boot decomposed; but the metal is oxidized at the expense Q f P huric * c,a * 
the water, and hydrogen gas is obtained in abundance. (328) 

Now as water is composed of two volumes of hydrogen and one 
of oxygen, a quantity of oxygen, equal in volume to naif the hy- 
drogen gas obtained, must have combined with the metal ; that 
is, for every 200 cubic inches of hydrogen, oxygen equal to 100 
cubic inches or 33,8 grains must have united with the metal. 

Dr Thomson, from an experiment of this kind, calculated that 
100 grains of iron, after the action of dilute sulphuric acid, had 
gained 27,5 of oxygen. It is to be considered, however, that 
the parity of the iron employed will materially affect the result; 
for if the iron contain charcoal, as is almost always the case, 
carburetted hydrogen will be mixed with the hydrogen ; and the 
hydrogen in this gas being in a condensed state, the apparent 
will be less than the real quantity of hydrogen disengaged. 

Iron, by all the different processes which have been describ- 
ed, is converted into an oxide of a black colour, having the same 
proportions of oxygen and metal, and still retaining the mag- 
netic property. H. 2. 18. 

1097. The protoxide of iron may be procured by precipitat- 
ing a solution of sulphate of iron by potassa, washing the pre- 
cipitate out of the contact of air, and drying it at a red heat. It 
is black, and consists of 28 iron + 8 oxygen = 36. It is sup- 
posed by M. Gay-Lussac, that in drying, an additional propor- 
tion of oxygen is always absorbed, and that the black oxide is 
a deutoxide composed of 100 metal + 37,8 oxygen : {Jinn, dt 
Chim , et Phys. Tom. i.) but there is some reason to doubt the 
accuracy of this conclusion. 

The recently precipitated protoxide of iron is sparingly solu- 
ble in ammonia, and in carbonated alkalies. 

Black protoxide of iron may also be obtained by burning iron 
in oxygen gas; this very beautiful experiment was devised by 
Dr Ingenhouz, and is best performed by attaching a straight 
piece of watch spring, wound round with harpsichord wire, to 
the stopper of an air-jar of oxygen gas (262) : as the wire burns, 
it drops in black gobules of oxide into the water beneath. 

This oxide of iron used to be prepared for pharmaceutical use, 
by moistening iron filings with a small quantity of water, and 
exposing them to the air for a day or two; a quantity of black 
oxide thus forms, which is separated by washing, and the pro- 
cess repeated till the whole of the metal is thus oxidized. It 
was called martial ethiops. It is black, tasteless, and insoluble 
in water. 

1098. When protoxide of iron is boiled in nitric acid, and 
precipitated by ammonia, washed, and dried at a low red heat, 
it increases in weight and acquires a brown colour. This it 

the peroxide* composed of 28 iron + 12 oxygen =*40. It may i 

* Tritoxiio of TheMra.il. S41, edit. 4. 
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be also obtained by igniting green vitriol (1114) ; and was for- 
merly known by the name of crocus martis , or Saffron oj 
Mars , and colcothar . 

1099. The equivalent number for iron is founded on the 
presumption that it exists as a protoxide in the sulphate : now 
100 grains of pure iron, during solution in sulphuric acid, 
evolve 170 cubic inches of hydrogen at mean temperature and 
pressure ; and consequently 85 cubic inches of oxygen = 28,73 

? *s have been transferred to the iron : and 28,73 : 100 : : 8 : 27,8. 

he quantity of oxygen in the peroxide of iron is shown to be 
to that in the protoxide as 3 to 2 by the following experiment 
100 grains of iron were dissolved in nitric acid and the solu- 
tion evaporated to dryness, and the residue sufficiently heated to 
drive off the whole of the acid : 143 grains of peroxide remain- 
ed. So that the composition of these oxides stands thus : 


Protoxide. Peroxide. 

Iron • . 100 • . . 100 

Oxygen • 28,73 ... 43 


128,73 143 

And 28,73 : 43 : : 8 : 12 = 1J proportional of oxygen. 

M. Oay-Lussac {Ann. de Chiw> ct Phys i. and Ann. de 
Chirn. lxxx.) has detailed some experiments, which he con- 
siders as demonstrating the existence of a third definite 
oxide of iron, intermediate between the above oxides, and 
composed of iron 100 + oxygen 37,8. Such a compound 
he thinks is obtained by passing steam for a length of time over 
red-hot iron: it seems, however very questionable whether this 
be a definite compound: it is rejected by Berzelius, who only 
admits the oxides above described. 

M. Thenard, in describing the oxides of iron, ( Trait i . ii. 
Edit . 4. 339) considers the octoedral and magnetic iron ores as 
composed of this deuotoxide, and does not allow of the existence 
of native protoxide of iron. In the present state of the question, 
however, I should feel rather inclined to view this deutoxide as 
a fixture of the protoxide and peroxide, than as any defiuite 
compound, more especially as the analyses of the native mag- 
netic oxides give variable proportions of oxygen. B. 

In order that the representative number of iron may also be 
its equivalent number, it is represented by 28. But the perox- 
ide, instead of consisting of 1 proportional metal + 2 oxygen, 
consists of 1 proportional metal + 1,5 oxygen ; and the chloride 
and perchloride bear the same relation to each other. The case 
however is different with the sulphurets ; for the sulphuret con- 
sists of 1 proportional iron + l sulphur : and the bi-sulphuret of 
1 iron + 2 sulphur. 

M. Gay-Lussac has shown the curious fact, that although red- 
hot iron decomposes water, hydrogen is capable of decomposing 
all the oxides of iron at a red heat — Ann. de Chim. et Phys. 
i. 37. 
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1100. The Native Oxide* qf Iron constitute a very exten- Natire 
sire and important class of metallic ores. They vary in colour, o*i«u*. 
depending upon mere texture in some cases ; in others, upon 
the degree of oxydizement. Some varieties are magnetic, and 
those which contain least oxygen are attracted by the magnet. 

The most important are Magnetic Iron Ore, which occurs 
massive, and crystallized in octogdra. Its specific gravity is 
4,5. It is often sufficiently magnetic to take up a needle. It 
occurs chiefly in primitive countries, and is very abundant at 
Roslagen in Sweden, where it is manufactured into a bar-iron 
particularly esteemed for making steel. 

Another variety of oxide of iron is called iron glance } and 
micaceous iron ore . It is found in the isle of Elba ; and among 
volcanic products. A third variety is Haematite , or red iron- 
stone; it occurs in globular and stalactitio masses, having a 
fibrous and diverging structure. Most of the British iron-plate, 
and wire, is made from it. 

A fourth variety of oxide of iron is known under the term of 
clay ironstone, on account of the quantity of argillaceous earth 
with which it is contaminated. Though this is far from the 
purest iron ore found in Great Britain, it is the chief source of 
the cast and bar-iron, in ordinary use. Its employment is chiefly 
referable to the coal which accompanies it. 

The essential part of the process by which these ores of iron 
are reduced, consists in decomposing them by the action of char- 
coal at high temperatures. The argillaceous iron of Wales, 
Shropshire, &c. is first roasted, and then smelted with lime-stone 
aud coke: the use of the former being to produce a fusible com- 
pound with the clay of the ore, by which the latter is enabled 
to act upon the oxide, and to reduce it to the metallic state. 

1(01. The two oxides of iron form distinct salts with the 
acids. 

The salts containing the black oxide are of a green colour, galt#of ilolk 
mostly crystal lizable, become reddish brown by exposure to air, 
and their solutions absorb nitric oxide gas and become of a deep 
olive colour. The salts with the brown oxide do not, with 
very few exceptions, crystallize: they are brown, soluble in 
alcohol, and do not absorb nitric oxide. 

The alkalies precipitate hydrated oxides from these solutions. 

1102. Iron and Chlorine unite in two proportions; the 
chloride may be obtained by evaporating protomuriate qf iron cuorife 
to dryness, and exposing the residuum to a red heat, out of the 
contact of air. A grey brittle lamellar substance is formed, 
which when analyzed by Dr Davy, was found to consist of 

Chlorine. . . . 53,2 100 113,63 Coaptiiliti 

Iron 46,8 88 100. 


100 . 
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In this case the results of analysis do not agree with theory, 
for if constituted of 1 atom of chlorine = 36+1 atom of iron 
= 28, its composition ought to be 

Chlorine .... 56,3 100 128,85 

Iron 43,7 77,6 . . . . 100 

IpoT ■ H. 2. 21. 

1103. When iron wire is heated in chlorine, it bums with a 
red light, and produces a compound which rises in beautiful 
brown scales. It is the perchloride of iron . It consists of 

Chlorine .... 66,1 ..... 100 .... 194,174 
Iron 33,9 51,5 . . . 100. 

100 . 

In this case we have also the apparent anomaly of an atom 
and a half of chlorine being united with an atom of iron, for 
100 : 51,5 : : 36 X 1J = 54,28. If. 2. 22. This, and similar 
anomalies, are best reconciled, Dr Henry conceives by multiply- 
ing by 2 the numbers expressing the proportions, which will 
make the ratio as 2 to 3, instead of as 1 to 1£.* The chloride 
and perchloride of iron produce protomuriate } and permuriate 
of iron when acted upon by water. 

1104. Muriate of Iron. Muriatic acid dissolves iron and its 
oxides with great ease ; and affords two distinct salts, differing 
from each other according to the state of oxidation of the metal. 
The muriate containing the black, or protoxide, is green, and 
that containing the oxide at the maximum, or peroxide, red. 

1105. The green or protomuriate of Iron is best obtained 
by digesting black sulphuret of iron in dilute muriatic acid ; sul- 
phuretted hydrogen is evolved, and a green solution obtained, 
which, filtered and evaporated, yields pale green crystals, very 
soluble, and of a styptic taste. This salt abundantly absorbs 
nitric oxide gas; the solution is of a very deep brown colour; 
when heated, red oxide of iron falls and a portion of ammonia 
is formed ; a great part o( the gas at the same time escapes. 

This salt may also be obtained by dissolving iron filings in 
muriatic acid excluded from air ; but the above process is prefer- 
able, as the sulphuretted hydrogen prevents any part of the 
iron passing into the state of permuriate. 

1106. Permuriate of Iron is formed by digesting the perox- 
ide in muriatic acid : it dissolves without the evolution of chlo- 
rine, and when evaporated to dryness, furnishes a reddish brown 
deliquescent . mass of a very astringent taste, soluble both in 

• That the chlorine in the protochloride of Iron if to that in the perchloride as 1 to 1A la shown by 
Dr Davy in his ▼•doable paper on the cbloridts, (PkiL 7V*». 181S, 100.) and the equivalent naabet 
of iron, as deduced from his analysis is somewhat above 08. It most be confessed that the anoasaly ia 
the oxides and chlorides of iron throws some difficulty in the way of applyinf to 1 hem their equivalent 
Bombers, hot as the foundations of chemistry are partly experimental, wa mat aotendaavoar Is do 
away that difficulty by a theoretical substitute. There ia a difference in the relations of boa to oxygea 
aad chlorine, compared with its relatiooa to salphor, which does not exist elsewhere ; of the esnse of 
this difference we are at present ignorant. B. 
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water and mleohoL It forma the basis of the tinctura muriati s 
ftrri of the Pharmacopeia. Permuriate of iron is also form* 
ed by exposing the protomuriate to air. 

Berzelius describes a striking experiment founded on this 
property. If a solution of the green muriate be exposed to the 
atmosphere, in a' tall cy lindricai glass jar, for some days, and a 
few drops of pure ammonia be then introduced at different 
depths, by means of a tube, the precipiiate formed near the sur- 
face will be green, a little lower blue ; still lower greyish ; then 
of a dirty white ; and at the bottom perfectly white*, provided 
time has not been allowed for the atmospheric oxygen to pene- 
trate so low. H. 2. 25. 

1107. When permunate of iron is exposed to heat, muriatic 
acid, chlorine, and water are evolved, chloride of iron sublimes, 
and a portion of peroxide remains in the retort. 

1108. When muriate of ammonia and peroxide of iron are 
mixed and exposed to heat in a proper subliming vessel, a yel- 
low sublimate is obtained, which is the ens veneris and flares 
martiales of old pharmacy : the ammonia et ftrri murias of 
the Pharmacopoeia ; it consists chiefly of muriate of ammonia, 
with a small but variable proportion of per-muriate of iron.* 

1109. Nitrate of Iron . The nitric acid dissolves the pro- 
toxide and peroxide of iron, and produces a green proto-nitrate 
and a red pernitrate. In its concentrated state the acid scarcely 
acts upon iron, but, when diluted with a small quantity of water, 
it dissolves iron with great vehemence ; and with the extrica- 
tion of a large quantity of impure nitrous gas.t H. A solution 
is formed of a reddish brown colour containing per-nitrate of 
iron, and affording a brown precipitate to the alkalies. 

If the nitric acid be considerably diluted, (sp. gr. 1,16) the 
action is slow and very little gas escapes ; the solution acquires 
an olive brown colour from the nitric oxide which it contains, 
but exposed to the air it becomes pale green, in consequence of 
the escape of that gas. The alkalies produce a green precipitate 
in this solution : it cannot be obtained in crystals by the usual 
process, and passes into pernitrate by exposure to air. 

'1110. To obtain nitrate of iron, in which the oxide is at the 
minimum, acid of the specific gravity of 1,25, or even less, 
must be used ; the iron must be added in large pieces, and at 
distant intervals, and the operation carried on without the access 
of air. When this solution is made on a large scale for the pur- 
poses of the dyer, it is proper to connect the vessel in which it 
is prepared, with a large receiver; for in the latter, a quantity 
of nitrous acid will be found, which is worth the trouble of col- 
lecting. H. 2. 24. 

1111. Sulphur and Iron . Iron combines with sulphur, and 
affords compounds, the characters of which vary greatly accord- 

* hdimt and h+n readily form a brown compound, foible at a red heat, and which, when acted 
•a by water, forme a kfdriodsU of a green coloor. 
t A aria tare of nitron and nitric oxidee. 
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ing to the proportions of their components, (a) A piste of 
iron filings, sulphur and water, if in sufficient quantity, will 
burst, after some time, into a flame, (b) A mixture of one part 
of iron filings and three parts of sulphur, accurately mixed, and 
melted in a glass tube, at the moment of union, exhibits a 
brilliant combustion. The best method, however, of effecting 
the combination of iron and sulphur is to takes bar of the metal, 
while of a glowing heat, from a smith’s forge, and to rub it with 
a roll of sulphur. *The compound of iron and sulphur falls down 
in drops, and may be preserved in a phial. Of the compounds 
of sulphur, this is one of those which are best adapted for afford- 
ing pure sulphuretted hydrogen gas with diluted acids, (c) The 
sulphuret of iron, when moistened, rapidly decomposes oxygen 
gas, and passes to the state of sulphate, (d) When diluted 
sulphuric or muriatic acid is poured on it, we obtain sulphuret- 
ted hydrogen gas. 

In the sulphuret, made artificially by fusion, as well as in the 
native sulphuret, iron (it has been shown by Proust and Mr 
Hatchett) is in the metallic state. Two compounds of iron and 
sulphur have been proved to exist, the one with a smaller, the 
other with a larger proportion of sulphur. The former, which 
is distinguished by the property of being magnetic, is the profo- 
sulphuret . The bi-sulphuret is known only as a natural pro- 
duct; it is not magnetic, is nearly insoluble in diluted sulphuric 
and muriatic acids ; and gives no sulphuretted hydrogen gas with 
acids. But the proto-sulphuret is readily soluble in dilute acids, 
dnd gives during solution abundance of sulphuretted hydrogen. 
It is composed of 28 iron + 16 sulphur; and the yellow, or 
bi-sulphuret, of 28 iron + 32 sulphur. 

1112. The natural sulphurets of iron are called iron pyrites, 
and Mr Hatchett has shown that the magnetic pyrites contaioi 
just half the proportion of sulphur existing in the common 
pyrites . (Phil. Trans. 1804.) 

The principal use of pyrites is in the formation of green 
vitriol , for which purpose the ore is gently roasted and exposed 
to air and moisture. Some varieties are spontaneously decom- 
posed, and furnish this salt. Pyrites has also lately been used 
in the production of sulphuric acid. (543) 

1113. Sulphate of Iron . When diluted sulphuric acid is 
made to act upon iron, we obtain a compound of that acid with 
the protoxide, a protosulphate of iron. The solution yields 
crystals, which have a beautiful green colour, and the shape of 
oblique rhombic prisms, not of rhomboids as is sometimes repre- 
sented.t They have a styptic taste, and are soluble in about 2 
of cold parts and f ths their weight of boiling water, but insolu- 
ble in alcohol. 

1114. This salt is called copperas or green vitriol, and is 
often prepared by exposing roasted pyrites to moisture, in which 
case it is impure. It is usually formed by dissolving iron 
filings or turnings, in dilute sulphuric acid, filtering and ev*p* 

* See Aster. Jour, of Seif ace, via. 104. f Arm&la of Philo*. si *64. 
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oratiog the solution, and setting it aside to crystallize. It is 
also obtained, perfectly free from persulphate, by acting upon 
suJphuret of iron by dilute sulphuric acid. It consists of one 
proportional of protoxide = 36 + 1 proportional of acid s 40, 
and in its crystallized state contains seven proportionals of 
water 63. Its solution absorbs nitric oxide gas, and acquires 
a deep brown colour; it also absorbs chlorine, muriatic acid is 
formed, and the iron becomes peroxidized so that water is here 
decomposed. 

1115. Exposed to air and moisture, the protosulphate of iron Ah»****r 
gradually absorbs oxygen, and is partly converted into a per- «« to LT 
sulphate. It may also be converted into persulphate by nitric 

acid. When heated, it fuses in its water of crystallization, and 
at a high temperature evolves a mixture of sulphurous and sul- 
phuric acids, peroxide of iron remaining in the vessel : by this 
process sulphuric acid used formerly to be prepared, and the 
residue was known under the name of caput mortuum vitrioli 
or colcothar . If the green crystals of this salt be exposed to a 
temperature of about 300°, they lose a portion of water, and 
crumble down into a white powder. 

1116. Native Green Vitriol is frequently found associated Native, 
with iron pyrites, being produced by its decomposition : it oc- 
curs in tome coal mines. 

1117. Persulphate of Iron is obtained by dissolving the Perrolphatt 

moist red oxide in dilute sulphuric acid; it does not crystallize, ' 

but affords, by evaporation, a brown deliquescent mass, consist- 
ing of 1 proportional of peroxide + 1,5 sulphuric acid, or 40 

oxide + 60 sulphuric acid. It is formed in the mother waters 
of the sulphate. Its taste is highly astringent, and when dry it 
becomes white : if in this state it be digested in hot sulphuric 
acid, or if peroxide of iron, recently precipitated from the per- 
nilrate, be boiled with excess of sulphuric acid, the solution 
yields octoedral crystals nearly white, and of a sweetish styptic 
taste: these are probably a bipersulphate of iron * 

1118. Phosphuret of Iron may be formed by dropping pbos- Pbosph¥ret . 
phorus into a crucible containing red-hot. iron wire; it is a brit- 
tle grey compound, and acts upon the magnet. Upon the sub- 
ject of the magnetic qualities of the sulphuret and phosphuret 

of iron, the reader Jis referred (o Mr Hatchett’s analysis of the 
magnetic pyrites. (Phil. Trans. 1804.) 

* When a solution of proto-miphate of iron it heated with aeceaa of air, part of the protoxide panes 
to the Mate of peroxide, and combining with a portion of acid, falls down in the form of .a yellow pow- 
fcr, which, according to Berzelius, ia a sulphate of the peroxide with excess of bat t, or a tub- sulphate. 

The proportions of its components are 


Sulphuric acid . . . 
Peroxide of iron . . 

. . . 153 . . 

. . . 63, . . . 

. . . 4 . . . . 

. . . = 40 
... =160 

Water 

. . . 31,5 . . 

. . , 6 . . . , 

. . . . = 54 


100, 


354 


Other salphates .with base of peroxide of iron (called from the atomic proportions of their constituents 
ptr-biiulpkate, and psr-jumdrtsuhphaU ) , hare been investigated by Dr Thomson and others. (Ann. 
Phil*, x. 108. xiii. 466 and 298.) ; hot no sulphate of protoxide, with erertt of acid is yet known. 
H.3.23. 
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1119. Phosphates of Iron . These are both insoluble, and 
may be formed by adding solution of phosphate of soda, to pro- 
tosulphate and persulphate of iron. The protophosphate of iron 
is of a pale blue colour; the perphosphate is white. Both have 
been analyzed by Vogel ; but his results do not coincide strictly 
with any atomic proportions.* 

1 120. Native Protophosphate of Iron occurs in the form of a 
blue earthy powder, and also in prismatic crystals.t The for- 
mer has sometimes improperly been termed Native Prussian 
Blue, and has been found in alluvial soil : the latter occurs with 
iron pyrites in Cornwall. 

1121. Iron and Carbon . Iron combines with carbon in 
various proportions; and the varieties of proportion occasion 
great differences of properties in the compounds. On these 
varieties, and the occasional combination of a small proportion 
of oxygen, depend the qualities of the different kinds of iron 
used in the arts, as cast-iron, steel, &c. &c. 

1122. The substance termed Plumbago , Graphite, or Black 
Lead , is generally regarded as a true carburet of iron: this is 
not an uncommon mineral, though rarely found of sufficient 
purity for the manufacture of pencils :% the coarser kinds and 
the dust, are melted with sulphur to form common carpenters’ 
pencils : crucibles are sometimes made of it, and it forms an 
ingredient in compositions for covering cast-iron, and for 
diminishing friction in machines* According to Messrs Allen 
and Pepys it consists of 

95 carbon + 5 iron = 100. 

It may here be observed that considerable difficulty attends 
the accurate analysis of compounds of carbon and iron, in esti- 
mating the proportion of the former : this has generally been 
indirectly effected by ascertaining the quantity of iron, and 
considering the loss of weight as carbon, a method obviously 
objectionable. If the action of dilute sulphuric acid be resorted 
to, a portion of carbon is carried off by hydrogen ; the same 
is the case with muriatic acid ; and if nitric acid be used, some 
carbonic acid may be formed, and artificial tannin is produced. 

Plumbago burns with great difficulty: its composition was 
ascertained by the above-mentioned chemists, by exposing it 10 
the apparatus used for burning the diamond, to a current ol 
oxygen at a red heat, and ascertaining the quantity of carbomc 
acid and of oxide of iron thus produced || It has been fused by 
Professor Silliman by means of Dr Hare’s Deflagrator ; the 
fused portions presenting various shades of white, brown, a®" 

* Ann. Philo*, xiii. 310. 

f See Cleareland's Mineralogy, 618. * 

| See a description of the mine at Borrodale. Boston Jour, qf Philos, ii. 333. 

4| An ingenious mode of analysis employed by Mr Mnshet, consists in ascertaining tbs 
litharge which a given quantity of the iron under examination is capable of reducing to * ** 
state. 
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ber and topaz colours. Some of the white globules obtained in 
these experiments, were perfectly limpid and could not be dis- 
tinguished by the eye, from portions of diamond ; other globules 
resembled calcedony. Similar results were obtained by means 
of the compound blow-pipe. (See American Journal , vi. 344, 
&c.) 

1123. Carbonic acid may be combined with the protoxide 
of iron, by adding carbonate of potassa to sulphate of iron ; a 
green precipitate of protocarbonate of iron falls, which expos- 
ed to air, becomes brown, and evolves carbonic acid. Solution 
of bi-carbonate of potassa occasions a white precipitate with sul- 
phate of iron, part of which is re-dissolved on adding excess of 
the carbonated alkali. 

1124. When hydrocyanate of potassa is added to the solu- 
tions of salts of iron, it occasions a bluish white precipitate in 
those containing the protoxide, and a blue precipitate in those 
containing the peroxide. The former jjrecipitate is proba- 
bly a ferrocyanate of iron, containing the protoxide ; the lat- 
ter, a ferrocyanate containing the peroxide, and which has been 
long known under the name of Prussian Blue . 

1125. Prussian blue is usually prepared by the following pro- 
cess: — Equal parts of subcarbonate of potassa and some animal 
substance, such as dried blood, or horn shavings, are heated red 
hot, in a crucible, and six or eight parts of water are poured 
upon the mixture when it has quite cooled. The solution is 
filtered, and found to contain hydrocyanate of potassa 9 along 
with carbonate of potassa, and some other products. It is mix- 
ed with a solution containing two parts of alum and one of sul- 
phate of iron ; a precipitate falls, at first of a dingy green hue, 
but which, by copious washings with very dilute muriatic acid, 
acquires a fine blue tint, and is called Prussian Blue , having 
been discovered by Diesbach, a colour-maker of Berlin, in 1710. 
The first description of the mode of preparing it is given by 
Woodward in the Phil. Trans, for 1724. 

1126. In this process the animal matter is decomposed, and re- 
solved into a variety of products arising from the reunion of its 
ultimate component parts. The matter remaining in the cruci- 
ble contains cyanuret of potassium, and when acted upon by 
water, hydrocyanate of potassa, with a little carbonic acid and 
ammonia, is formed in consequence of the decomposition of a 
portion of the water; and consequently the principal salts con- 
tained in the washings of the black matter remaining in the cru- 
cible are carbonate and hydrocyanate of potassa, which, when 
added to a solution of sulphate of iron, form a precipitate of 
oxide and ferrocyanate of iron ; the former is removed by the 
dilute muriatic acid. The aluminous earth of the alum gives a 
body to the precipitate, which improves it as a pigment. 

The above seems to be the simplest view of the formation 
and composition of Prussian blue ; a variety of other opinions 
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respecting its nature have been entertained, but they require 
further experimental verification.* B. 

Method of 1127. The prussian blue of commerce is an impure substance, 
F^chem* li anc * con ^ a ^ ns a variety of other matters, especially a quantity of 
^chemical a ] um j na< For chemical experiments, it is proper, therefore, to 
prepare it by mixing the solutions of ferrocyanate of potasa 
and persulphate or permuriate of iron, and washing the precipi- 
tate, first with muriatic acid, and then with water. If a salt of 
iron be used, containing an oxide at the minimum of oxidation, 
the precipitate produced by ferrocyanate of potassa is white, 
and continues so as long as it is guarded from the action of the 
atmpsphere ; but it changes to blue by exposure to the air, or 
by mixture with any agent capable of imparting oxygen. Po- 
tassa is always found as an ingredient of the white prussiate. 

1 128. Prussian blue is insoluble in water, and in acids, t unless 
Properties. w jj en they are concentrated and heated. When thoroughly 

dried, it shows a great affinity for moisture, by absorbing it 
rapidly from the atmosphere. It is not decomposed by being 
heated to 307° F. ; but, at a higher temperature, it catches fire 
and burns in the manner of tinder, leaving from 54 to 60 per 
per cent of oxide of iron. 

Prussian blue submitted to distillation per se gives water, 
hydrocyanate of ammonia, carbonic acid, and other gases.} 
H. 2. 27. 

1129. When Prussian blue is boiled with potassa it is decom- 
r«m*r*n- posed; it loses its blue colour, oxide of iron is separated, and 
AteofpotMM. on filtering and evaporating the solution, a triple salt is obtain- 
ed, consisting of hydrocyanic acid, potassa, and oxide of iron; 
this has been called triple prussiate of potassa , ond ferrocy- 
anate of potassa . It is best formed by adding powdered Prus- 
sian blue, previously heated with a dilute sulphuric acid com- 
posed of one part of acid and five of water, and afterwards 
washed, to a hot solution of potassa, as long as its colour is de- 
stroyed. This salt forms permanent yellow cubic and tabular 
crystals, more soluble in hot than cold water, insoluble in alco- 
hol, and of a peculiar taste. Boiled with dilute sulphuric or 
muriatic acids, hydrocyanic acid is given out, and a pre- 
cipitate formed similar to that which the salt produces in t 

* According to Mr Poerett’s riew, it isa compound of ferrocyanie acid with peroxide of iroe. Bw 
seliosnot admitting the existence of any such acid as the ferrocyanie, regards Prussian bis* u » 
compound of hydrocyanate of protoxide with peroxide of iron, in proportions admitting of some »srist»a 
(Jinn, Philo e. N. S. i. 444.) Robiqoet, on the other hand, considers it as a cyanide of iroo, oo»W*^ 
with a ferrocyanate of the peroxide and with water. (Jinn, do Ckim, et Pkyo. xii. and rii ) H.1* 
t It is not acted opon by dilute nitric, sulphuric or moriatie acids, which renders it extremely imp*’ 
bable that it should be a hydrocyanate of iron, and strengthens the opinion of Mr Portett, that it » * 
ftrrocyanato, or a compound of peroxide of iroo with the peculiar acid mentioned at 1190 sad cm 
taining hydrogen, oxygen, iron, and cyanogen. (Brando.) 

| Besides Prussian blue, there appears from Berzelius’ experiments (Jinn, of Philo*- W- S. s. d44) 
to be another bine compound of the same elements, which is soluble to some extant in vatsr. Pn *‘ 
lien blue, in the dingy green state in which it is first precipitated seems also to contain as txesn" 
base, which moriatie acid re mores. There are probably therefore, three compounds in wfciefc 
peroxide, and one in which the protoxide, exists as base. H. 
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solution of proto-sulphate of iron. It is decomposed in a retort 
at a red heat, hydrocyanic acid and ammonia are evolved, and 
the residue consists of charcoal, potassa, and iron. 

1130. Mr Porrett(PA*7. Trans. 18 14.) considers the ferrocyan- 

ates as compounds of the respective bases, with an acid consist- jjJJ °* 
ing of the elements of the hydrocyanic acid united to the pro- 
toxide of iron. This acid he terms ferrochyazic acid , derived 
from the initial letters of carbon, hydrogen and azote. He 
obtained this acid dissolved in water, by adding to a solution of 
ferrocyanate of baryta just sulphuric acid enough to precipitate 
the baryta. It has a pale yellow colour, no smell, and is de- 
composed by a gentle heat or strong light, in which case hydro- 
cyanic acid is formed, and white hydrocyanate of iron is depo- 
sited, which becomes blue by exposure. Gay-Lussac, observ- 
ing the production of the ferrocyanate of potassa by adding 
protoxide of iron to hydrocyanate of potassa, supposes that a 
portion of the hydrocyanic acid is decomposed by the oxide, 
giving rise to a compound of cyanuret of iron with hydrocyanate 
of potassa. 

1131. When solution of ferrocyanate of potassa is added to oimpneip. 
metallic solutions, precipitates are obtained which have different 

colours ; (See Tables), and which appear to be ferrocyanates, tfonai 
for when treated with solution of potassa, a ferrocyanate of po- 
tassa is obtained.* 

1132. The ferrocyanates of ammonia , soda, lime , magne- 
sia, baryta and strontia , may be obtained by boiling those 
alkalies and earths with Prussian blue.t 

1133. The salts of iron are mostly soluble in water and the 
solution is reddish brown, or becomes so by exposure to air. It 
affords a blue precipitate with ferrocyanate of potassa; and a 
black precipitate with hydrosulphuret of ammonia. Infusion of 
gall-nuts produces a black or deep purple precipitate. The ■ 
nydriodic acid occasions no change. 

1134. Of the alloys of iron, tin-plate is the only one of con- 
sequence. It is made by dipping clean iron plates into melted AMoy * ,> 
tin. The process is described at length by Mr Parkes. (Bos- 
ton Jour, of Philos . ii. 243.) When tin-plate is washed over 
with a weak acid, the crystalline texture of the tin becomes 
beautifully evident, forming an appearance which has been called 
moiri metallique . — Quarterly Jour . of Science , Vol. v. 368. 

* The ferrocyeaate of potassa hat been analysed by Benrelios, who decomposed it by heatiof it 
with peroxide of copper, and obtained carbonic add and a so tic fares, in the proportions in which they 
•re evolved by the decomposition of cyaoogeiu.vix 3 volumes of the former and one of the latter* 

Heoee be considers it as a cyanide, and not a prosaiate, and deduces its composition to be two atoms of 
cyaaide of potassium 1 atom of cyanide of iron. According to Mr Porratt its compodtkm in 

Atoms. Atoms. 

Potassa 40,34 . . 1 Aaote . 11,78 . . 1 

Iron . 11,76 . . } Hydrogen .84 . . I 

Carbon 30,17 . . 4 Water . 16,13 . . 3 

~4»rauaf 1 atom of ferrocyaaic add. H. 1. 534. 

t Serais ef Awn has a yellow colour and is inso table ; It is formed by adding borate of soda to sul- 
Pkateof itna. 
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1135. Ad extremely important part of the chemical history 
of iron relates to the varieties of the metal which are found in 
commerce. These are much too numerous to be dwelt upon 
here ; so that we shall limit our observations to the principtl of 
them only, which are cast iron, wrought iron and steel 

Of cast iron there are two principal varieties, distinguished 
by the terms white and grey. The first is very hard and brit- 
tle* and when broken, of a radiated texture. Acids act upon 
it but slowly, and exhibit a texture composed of a congeries of 
plates, aggregated in various positions. — Daniell, Quarterly 
Journal qf Science and Arts , Vol. ii. 280. 

Grey or mottled iron is softer and less brittle ; it may be 
bored, and turned in the lathe. When immersed in dilute muri- 
atic acid, it affords a large quantity of black insoluble matter, 
which Mr Daniell considers as a triple compound of carbon, 
iron, and silicium, and which has some very singular proper- 
ties. The texture of the metal resembles bundles of minute 
needles. 

1136. Cast iron is converted into wrought iron by a curious 
process, called puddling . The cast iron is put into a reverbera- 
tory furnace, and when in fusion is stirred, so that every part may 
be exposed to the air and flame. After a time the mass heaves, 
emits a blue flame, and gradually grows tough and becomes less 
fusible, and at length congeals. In that state it is passed succes- 
sively between rollers, by which a large quantity of extraneous 
matter is squeezed out, and the bars are now malleable. They 
are cut into pieces, placed in parcels in a very hot reverberatory 
furnace, and again hammered and rolled out into bars. They are 
thus rendered more tough, flexible and malleable, but much less 
fusible, and may be considered as nearly pure iron. 

Analysis shows that cast iron contains oxygen, carbon, often 
sulphur and phosphorus, either silica or silicium, and it ap- 
pears very probable that calcium exists in some of the vari- 
eties. 

By the process of puddling and rolling, these substances are 
burned away or squeezed out, and thus malleability is conferred 
upon the metal by rendering it more pure. A specimen of cast 
iron analyzed by Berzelius afforded iron 91,53 — manganese 4,57 
—carbon 3,90. 

A bar of wrought iron, when its texture is examined in the 
mode pointed out by Mr Daniell, presents a fasciculated ap- 
pearance, the fibres running in a parallel and unbroken coarse 
throughout its length. This structure may be well seen by 
tearing a bar of wrought iron asunder. 

1137. Steel is a compound of iron with carbon, the propor- 
tions being variable. It combines the fusibility of cast with the 
malleability of bar iron, and when heated and suddenly cooled 
it becomes very hard, whence its superiority for the manufac- 
ture of cutting instruments. If kept for a long time in fusion, 
it loses carbon and becomes pure iron. 
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Iron is converted into steel by a process called cementation , c*ment»uoa. 
which consists in heating bars of the purest iron in contact with 
charcoal : It absorbs carbon and increases in weight, at the same 
time acquiring a blistered surface. This, when drawn down 
into smaller bars and beaten, forms tilted steel ; and this broken 
up, heated, welded, and again drawn out into bars, forms shear 
steel. English cast steel is prepared by fusing blistered steel 
with a flux composed of carbonaceous and vitrifiable ingredients, 
casting it into ingots, and afterwards, by gentle heating and 
carefully hammering, giving it the form of bars. 

1138. Messrs Stodart and Faraday found, that by intensely 
heating pure steel with charcoal powder, a carburet of iron, of 
a dark grey colour, very brittle and highly crystalline was 
formed, which afforded upon analysis 

94,36 iron + 5,64 carbon = 100. 

In this compound, which was frequently made and afforded 
the same results on analysis, and which therefore may be re- 
garded as definite, the proportion of carbon very far exceeds 
that in steel, so that the latter is probably a compound of pure 
iron with a variable proportion of the true carburet 

1139. The following table, drawn up by Mr Mushet, shows 
the quantities of charcoal which disappeared during the conver- 
sion of iron into the different subcarburets of iron known in 
commerce. — J*hil. Mag. xiii. 


Charcoal absorbed. RESULTS. 

T ^ T soft cast steel, 

common cast steel, 

vV • • • • . • the same, but harder, 

fa the same : too hard for drawing, 

fa white cast iron, 

fa mottled cast iron, 

fa black cast iron. 


When the carbon amounts to fa of the whole mass, the hard- 
ness is at a maximum. 

1140. Wootz or Indian steel is truly valuable for the pur- Woolx 
pose of making edge tools. Its peculiar excellence is owing to 
combination with a minute portion of the earths alumina and 
silica: or rather, perhaps, with the bases of these earths. ( Quar - 
terly Journal of Science , vii. 288.) Whether the earths are 
found in the ore, or are furnished by the crucible used in mak- 
ing the steel, is not certainly known ; nor is the Indian steel- 
maker probably aware of their presence. Wootz, in the state 

in which it is imported, is not fit to make into fine cutlery. It 
requires a second fusion, by which the whole mass is purified 
&nd equalized, and fitted for forming the finest edged instru- 
ments. 

1141. The texture of steel, as exhibited by the action of an 
acid, is not fibrous, but appears somewhat lamellated. 
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Twapnaf. 1142. When steel is heated to a cherry-red colour, and then 
plunged into cold water, it becomes so extremely hard and brit- 
tle, as to be unfit for almost any practical purpose. To reduce 
it from this extreme hardness, is called by the workmen tern- 
ptringy and is effected by again heating the steel to a certain 
point The surface being a little brightened exhibits, when 
heated, various colours which constantly change as the tempera- 
ture is increased, and by these colours it has been customary to 
judge of the temper of the steel. 

A more accurate as well as convenient method is to use a 
bath and thermometer ; the bath may be of mercury, or of the 
fusible mixture of lead, tin, and bismuth, or, indeed, of any 
fluid whose boiling point is not much under 600°. Into this 
bath the articles to be tempered are put, together with the bulb 
of a thermometer graduated to near the boiling point of mercu- 
ry. The corresponding degrees at which the various colours 
appear, are from 430° to 600°. The first change is at about 
430°, but this is too faint to be distinguished, except by com- 
parison with another piece of untempered polished steel. At 
460° the colour is straw, becoming deeper as the temperature is 
increased ; at 500° the colour is brown ; this is followed by a 
red tinge with streaks of purple, then purple, and at nearly 
600° it is blue. 

The degrees at which the respective colours are produced 
being thus known, it follows that the workman has only to heat 
the bath, with its contents up to the required point. For exam- 
ple, suppose the blade of a penknife (or one hundred of them) 
to require tempering : they are suffered to remain in the bath 
until the mercury in the thermometer rises to 460°, and no 
longer, that being the heat at which the knife (supposing it to 
be made of the best English cast steel) will be sufficiently 
tempered. 

The advantages attending this method are obvious : the heat 
is equally applied to the whole; and the workman, instead of 
attending to the colour of each blade, has only to observe the 
thermometer. 

1143. Some recent experiments, proving that steel, for certain^ 
uses, is sufficiently tempered long before it is heated to produce 
any change of colour, promise to give additional value to this 
process by a thermometer. The knife edges attached to the pen- 
dulum described by Capt. Rater, (Phil. Trans . 1818, p. 38.) 
were forged by Mr Stodart, from a piece of fine wootz. They 
were carefully hardened, and tempered in the bath at 430°; on 
trial they were found too soft. They were a second time hard- 
ened, and then heated to 212°. The intention was to increase 
the heat from that point, trying the temper at the advance of 
about every ten degrees. In the present instance this was not 
necessary, the heat of boiling water proving to be the exact 
point, at which the knife edges were admirably tempered. 
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It is highly probable that steel, for many uses, may be suffi- 
ciently tempered in a range so extensive as from 212° to 430°, 
and, by the thermometer, all the intervening degrees may cer- 
tainly be ascertained. 

That the colour produced on the surface of heated steel is the 
effect of oxidation, is proved from the circumstance that when 
steel is heated and suffered to cool under mercury or oil, none 
of the colours appear : nor do they when it is heated in hydro- 
gen or nitrogen^ 

Steel admits of being alloyed with several other metals, and AI!oyi> 
the alloys, as appears from a recent investigation of Messrs. 
Stodart and Faraday* are applicable to various uses. 


Section X. Zinc. 

1144. Zixc is found in the state of oxide and of sulphuret. Methodof 
It may be obtained pure by dissolving the zinc of commerce in obuiniof 
dilute sulphuric acid, and immersing a plate of zinc for some pure *‘ nc * 
hours in the solution, which is then filtered, decomposed by 
carbonate of potassa, and the precipitate ignited with charcoal in 

an Iron or earthen retort. 

Common zinc, known in commerce by the name of spellre f 
generally contains a portion of lead, copper, iron, traces of 
arsenic and manganese, and a little plumbago : these impurities 
remain in the form of a black powder when it is dissolved in 
dilute sulphuric acid. 

Zinc is a bluish white metal, specific gravity 7, malleable at 
30)°, but very brittle when its temperature approaches that of 
fusion, which is about 680°. It is somewhat ductile, but its 
wire possesses little tenacity. 

1145. Oxide of Zinc is obtained by heating the metal ex- oiide. 
posed to air. At a red heat it takes fire, burns with a bright 
flame, and is converted into a white flocculent substance, for- 
merly called pompholix, nihil album , philosopher's wool , and 
flowers of zinc. This oxide, however, when once deposited, 

is no longer volatile ; but if exposed to a violent heat, runs into 
glass. It has been examined with much attention by Proust, Compotilioo , 
who found it to consist of 80 phrts of zinc and 20 oxygen. 
Gay-Lussact and Berzelius:): have since investigated it, and 
agree in considering it as composed of 


Zinc . . . 80,39 100 

Oxygen • 19,61 24,4 

100, 124,4 


The equivalent number deducible for zinc from the composi- Equivalent 
lion of the oxide, is^ 41 on Dr Wollaston’s scale =,33 when m,0,bcr * 

* Phil. True. 1833, end Boston Jour. Philos, i. 130, 
t Ana. fe Chim. SO, 110. 

: M Ditto. 

39 
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oxygen is denoted by 8. Mr Brande, from the composition of 
the oxide prepared by nitric acid, has fixed on 35 to denote 
the weight of the atom of zinc.* It will, probably, not be far 
from the truth, if we take the equivalent of zinc to be 33, and 
that of its oxide 33 + 8 = 41. t H. 2. 12. 

This oxide is white, tasteless, and soluble in the alkalies. 
As prepared by combustion it contains small particles of the 
metal, which always render it gritty ; hence, for pharmaceutical 
use, it is best prepared by precipitating solution of sulphate of 
zinc by ammonia, and washing and drying the precipitate. It 
is spmetimes used as a pigment, both with oil and water; and 
is employed in medicine as a tonic, and as an external applica- 
tion. 

1146. Zinc decomposes water very slowly at common tem- 
Pecompofci p era t ures< requiring, probably, the access of air ; but acts with 

great rapidity, if the vapour of water be brought into contact 
with it when ignited. In whatever way it is oxidized, we ob- 
tain the compound already described, which is the only known 
oxide of zinc. H.J 

1147. Chloride of Zinc is formed by heating leaf zinc in 
cwonde. chlorine, or by evaporating muriate of zinc to dryness and 

heating the residue red-hot in a glass tube. The compound is 
fusible under a dull red heat, and, on cooling, goes through 
several degrees of consistency, being viscid before it becomes 
solid. It is very deliquescent, and produces a muriate of zinc 
by the action of water. It appears from the analysis of Dr 
Davy to consist of equal weights of chlorine and zinc. It was 
formerly called butter of zinc . 

The attraction of zinc for chlorine is very great, and this 
metal may therefore often be employed for separating chlorine 
from other combinations^ 

114S. Muriate of Zinc . Muriatic acid, a little diluted, acts 
Manats. on z | nc ^ an( i evo i ves hydrogen gas of great purity. The solu- 
tion is clear, but cannot be brought to crystallize by evapora- 
tion. The dry chloride, however, may be sublimed, and 
passes over in a half solid state, from which circumstance it was 
called butter of zinc When rapidly evaporated, the muriatic 
solution yields a thick extract, which has somewhat of the vis- 
cidity of bird-lime. H. 

1149. Muriate of zinc in strong solution, deposits oxide on 
adding water, and on being filtered and further diluted, more 
oxide separates. Weak solutions, when concentrated by evapo- 
ration, dissolve the oxide, which will precipitate again, on dilu- 
tion. The solution is always slightly acid, and ammonia, when 

* Quarterly Journal, xiv. 49. 
f 43 Brande. 

$ When Pulverized Zinc it aided to fused nitre, or projected with that salt into a red-hot crucible, 
a very violent detonation takes place ; the Zinc is oxidized and part of the oxide combines with the 
alkali forming a soluble compound. IT. 

$ Chlorate of Zinc crystallizes in octocdra, and is a very soluble sa.lt. 
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added, does not render it neutral, until all the oxide of zinc is 
precipitated.* Ii. 2. 14. 

1150. Iodine and Zinc readily combine, and produce a fusi- 
ble, volatile, and crystalline compound, which, when exposed to 
air, deliquesces into hydriodate of zinc. t 

1151. Nitrate of Zinc . Nitric acid, moderately strong, acts Nitrate, 
on zinc with peat violence. The solution, by evaporation, 
crystallizes in four sided prisms, and affords a deliquescent salt* 
copiously soluble in water and alcohol, and consisting of 41 
oxide + 54 nitric acid = 95. H. 

1152. Liquid ammonia readily dissolves oxide of zinc, and 
even acts upon the metal. The concentrated solution of the 
oxide furnishes feathery crystals; it is decomposed by the acids, 
and the immersion of a plate of copper causes a precipitation 
of a part of the zinc, the ammonia, acquiring at the same time 
a blue colour. — Ds Lassone, Ann. de Chim . xxxv. 53. 

1153. Sulphuret of Zinc exists native under the name of Suiphureu 
Blende . It may be formed artificially by heating oxide of zinc 

with sulphur, and is then of a yellow brown colour. It consists 
of 33 zinc + 16 sulphur = 494 

Blende is a brittle soil mineral, of different shades of brown Native, 
and black. Its primitive form is the rhombic dodecaedron. 

It usually contains traces of iron and lead. It is an abundant 
mineral, and important as a source of the pure metal, which is 
obtained by roasting the ore, and afterwards exposing it to 
heat in proper distillatory vessels, mixed with charcoal. The 
English miners call it blackjack . It has been analyzed by Dr 
Thomson and found to consist of zinc 67,19 + sulphur 32,81 

e= 100. 

1154. Hyposulphite of Zinc was formed long ago by Four- Hyp©«iph»ta 
eroy, who considered it as a sulphuretted sulphite . He form- 
ed it by digesting metallic zinc in sulphurous acid, sulphuretted 
hydrogen is disengaged, and by gentle evaporation crystals are 
obtained, which are to be digested in alcohol; this liquid dis- 
solves the hyposulphite, and affords it in prismatic crystals. A 
mixture of oxide of zinc and sulphur treated by sulphurous acid 
affords the same salt ; it is efflorescent, and easily decomposed 

by heat, — F oubcbot, Systcme des connoissances Chymiques , 
v. 380 § 

1155. Sulphate of Zinc . Zinc readily dissolves in diluted Sa i phat ^ 
sulphuric acid, with the exception of a small quantity of black 
powder, which Vogel found to be composed of charcoal, iron, 

and sulphate of lead. The acid during its action on this metal 

« Qmrt.Joor.Ti. 159. 

f Whoa this salt is mingled with perchtoride of mercury, a precipitate is obtained of a beautiful 
bright red colour. When iodate of potassa is added to solution of sulphate of cine, it forms an insolu- 
ble Mate of siac. 

* Mr E. Davy, by passing the vapour of sulphur over melted sine, obtained a white crystalline sub- 
itaaee, resembling the natural compound of sine and sulphur, which is called phosphorescent blende. 

\ Sntphit* qf sine is easily formed by dissolring the oside in sulphurous acid; it is more easily 
frystaHizahle than the hyposulphite and is insoluble in alcohol. 
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evolves hydrogen gas ; (328) and the gas, when obtained, be* 
sides other impurities, holds in combination a portion of the 
metal (330) * H. 2. 13. 

1156. When the* solution of zinc in sulphuric acid is evapo- 
rated, it shoots into crystals which are right rhombic prisms.t 
This salt is soluble in 2,5 parts of water at 60°, and its solution 
is not precipitated by any other metal.. Its composition is stated 
by Berzelius and Wollaston as follows. 

Atoms. 

Composition. Acid . . 30,86 ... % 27,3 . ... 1 = 40 

Base « . 32,69 • . • • 28,4 • • • » 1 ss 41 
Water . 36,45 .... 44,3 .... 7 = 63 


100, X 100, § 144. H. 2. 14. 

Sulphate of zinc is prepared for the purposes of the arts from 
t the native sulphuret, and is usually in the form of a white amor- 

phous mass, called white vitriol . 

Native Sulphate of Zinc is found in places where the sulphu- 
ret of zinc occurs ; it is probably the result of the decomposi- 
tion of that ore. 

Pbosphnret. 1157. Phosphuret of Zinc is of a whitish colour, and a metal- 
lic lustre not unlike lead. It has some malleability, exhales a 
phosphoric smell, and at a high temperature, burns like common 
zinc. H. 

Phosphate. 1158. Phosphate of Zinc is not crystallizable. It may be 
obtained by dissolving zinc in phosphoric acid, and evaporation 
to dryness. A phosphate of zinc is also precipitated upon the 
addition of phosphate of soda to sulphate of zinc. These salts 
have not been precisely examined, but it is probable there is a 
phosphate and a bi-phosphate of zinc, 
carbonate 1159. Carbonate of Zinc occurs native, forming one of the 
varieties of the mineral called calamine . It may be formed by 
adding carbonate of potassa to sulphate of zinc. It is white and 
tasteless. 

The primitive form of calamine, which occurs both crystal- 
lized and massive, is an obtuse rhomboid. It is often found in- 
vesting carbonate of lime, which has sometimes been decompos- 
ed, and the calamine remains in pseudo-crystals. A variety of 
calamine, containing siliceous earth, is known by the name of 
electric calamine , from its property of becoming electrical when 
gently heated. 

.process tot 1160. The zinc of commerce is procured from the native 
fo£ium C sulphuret and from calamine by the following process. The 

* Hydrogen gag, holding sine in solution, may be obtained by a process of VanqoeUn. A mixture of 
the ore of sine, (blende, or calamine) with charcoal, is to be put into a porcelain tube, which is to be 
placed borisontally in a furnace, and, when red- bo t, tbe vapour of water is to bo driven over it. The 
gas produced is a mixture of carbonic acid, carburetted hydrogen, and a solution of sine in hy drogen 
gas, which has been called kydnzincic gas. The sioc is deposited on the surface of the water, ever 
which this gas is kept; but if burned when recently prepared, tbe gas exhibits, in consequence of tbit 
impregnation, a distinctly blue flame. 

f Brooke, in Ann. Philos. f Berselius. $ Wollaston. 
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ore is first picked and broken into small pieces, and then sub- 
mitted to a dull red heat in a reverberatory furnace, by which 
carbonic acid is driven off from the calamine, and sulphur from 
thd blende. It is then washed, ground, and thoroughly mixed 
with about orte eighth its weight of powdered charcoal. This 
mixture is put into large earthen pots, not unlike oil jars, six of 
which are usually placed in a circular furnace ; each pot has an 
iron tube passing from its lower part, through the floor of the 
furnace, and dipping into water, they are every where else 
firmly luted : upon the application of a red heat, the metal dis- 
tils through the tube into the water beneath, whence it is col- 
lected, melted, and cast into cakes. 

1161. Ferrocyanate of potassa produces a yellowish white G«ner*i f p»- 
precipitate in solutions of zinc. The salts of zinc are mostly E2uo*f*inc. 
soluble in water, and the solutions are colourless and transparent : 

they are not precipitated by hydriodic acid. Potassa, soda, and 
ammonia, form white precipitates, soluble in excess of the alkali, 
and sulphuric acid. Hydrosulphuret of ammonia, produces a 
yellowish white precipitate. The soluble phosphates, carbo- 
nates, and borates, produce white precipitates. 

1162. Alloys of Zinc . — With potassium and sodium zinc 
forms brittle alloys, decomposable by exposure to air and water. 

Its alloy with manganese is unknown. With iron it forms a 
white, and somewhat malleable alloy, which is difficult to form ; 
but if plates of hot iron be dipped into melted zinc, they 
acquire the appearance of tin-plate. 

It has been proposed to apply zinc to the purpose of 
culinary vessels, pipes for conveying water, sheathing for ships, 

&c.; but it is reudered unfit for the first object, by the facility 
with whieh the weakest acids act upon it, and for the remain- 
ing ones, by its considerable though slow oxidation, when ex- 
posed to the operation of air and moisture. H. 2. 16. 


Section XI. Tin. 

1163. The properties of tin must be examined in the state of 
grain-tin or block tin; what is commonly known by the name 
of tin, being nothing more than iron plates with a thin covering 
of this metal. Several varieties of tin are met with in com- 
merce, for the discrimination of which, and the means of judg- 
ing of their purity, Vauquelin has given useful instructions in 
the 77th volume of the Annales de Chimie, and an interesting 
account of the ores of tin, and of the processes for extracting 
the metal in Cornwall, has been given by Mr Taylor in the 5th 
volume of the Transactions of the Geological Society of Lon- 
don. H. 2. 35. 

1164. This metal has been known from the remotest ages. It 
was in common use in the time of Moses, and was obtained at a 
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To obtain 
pure tin. 


Properties. 


Powdered 


Protoxide. 


Peroxide. 


Tin potty. 


Native oxide. 


▼ery eaHy period from Spain and Britain by the Phoenicians.— 
Pliny, lib. iv. cap. 34, and xxxiv cap. 47. 

The native oxide is the principal ore of tin ; the metal is ob* 
tained by heating it to redness with charcoal. To obtain pure 
tin the metal should be boiled in nitric acid, and the oxide which 
falls down reduced by heat in contact with charcoal in a covered 
crucible. U. The process is described at length in Aiant’i 
Dictionary , (rfrt. Tin.) 

Tin has a silvery white colour, is considerably harder than 
lead, scarcely at all sonorous, very malleable, though not very 
tenacious. Under the hammer it is extended into leaves, called 
tin-foil , which are about of an inch thick.* Its specific 

gravity is 7,30. It melts at 442°, and by exposure to heat and 
air is gradually converted into a grey peroxide. Placed upon 
ignited charcoal under a current of oxygen gas, it burns very 
brilliantly. 

1165. A preparation under the name of powdered tin is some* 
times directed to be prepared for pharmaceutical use, by shak* 
ing the melted metal in a wooden box rubbed with chalk on the 
inside : tin filings have also a place in some Pkarmacopxix 9 
and have been used as a vermifuge. These preparations are, 
however, both dangerous, the metal being rendered poisonous 
in the former case by slight oxidation, (Orfila, Traitt des 
Poisons , T. i. 2me partie, p. 18.) and often -creating very dan- 
gerous irritation when given in filings. 

1166. Protoxide of Tin is obtained by precipitating protomu* 
riate of tin by ammonia; it falls in the state of hydrate; when 
dried, it is of a grey colour, and undecomposable by heat It 
dissolves in the alkalies; exposed to heat and air it passes into th* 
state. of peroxide, undergoing a faint combustion. Its amraoni- 
acal solution, when long kept, deposits metallic tin in arbores- 
cent crystals, and becomes a solution of the peroxide. 

1167. Peroxide of Tin is formed by treating the metal with 
nitric acid : there is a violent action attended by the formation 
of nitrate of ammonia. (472) Scarcely any of the metal is dis- 
solved, but remains as a yellowish powder, which may be puri- 
fied by washing. It is also formed by heating tin filings with 
Ted oxide of mercury ; and by projecting a sufficient quantity of 
nitre upon red-hot tin. This oxide dissolves in the alkalies. 
Fused with glass it forms White Enamel. Heated intenstly, 
it becomes insoluble in acids, and undergoes fusion. 

The substance called Tin Putty , is an oxide of tin formed by 
levigating the crusts of oxide that form upon the metal when 
kept for some time in fusion. 

1168. Native Oxide of Tin is found in Cornwall ; in Spain; 
and in Saxony : it has also been found in Brittany, in France; 
in the East Indies ; and in South America. The specific gravity 
of the native oxide is 7 : its primitive crystal is an octoedron 

• Tbg process of making tin-foil consists simply in hammering oat • number of pl«t##oftbe 
laid together upon a smooth block or plate of iron. The smallest sheets are the thinnest U. 
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with a square base. 511 In some of the valleys of Cornwall, tin is 
found in rounded nodules, of various sizes, mixed with pebbles 
and rounded fragments of rocks. To separate the tin from the 
alluvial matter, currents of water are passed over it, and hence 
these deposits have been called stream works , and the*tin ore, 
stream tin . A modification of stream tin is called wood 
tin. It usually appears in small banded fragments of globular 
masses. 

1169. The number representing tin is 59. The protoxide 
consists of 59 tin + 8 oxygen. The hydrate of 67 protoxide 
+ 9 water; and the peroxide of 59 tin -f 16 oxygen. These 
numbers are deduced from the accurate analysis of Dr John 
Davy (Phil. Trans. 1812) and M. Gay-Lussac, (Annales de 
Chimie 9 lxxx.) The protoxide of tin, according to both these 
chemists, consisting of 100 tin -f 13,5 oxygen; and the chlo- 
ride, according to John Davy, of 100 tin + 60,71 chlorine. 

1170. Chloride of Tin is procured by heating together an 
amalgam of tin and calomel; or more simply by heating proto- 
muriate of tin in a retort till it fuses ; it is a grey semi-transpa- 
rent crystalline solid, which dissolves in water, forming & 
proto muriate of tin ; it is volatile at a red heat, and consists of 59 
tin + 36 chlorine. Heated in chlorine it burns into perchloride 
of tin. 

1171. If tin be heated in chlorine, or if amalgam of tin be 
distilled with corrosive sublimate, a perchloride is obtained ; 
the best proportions are six parts of tin, previously combined 
with one of mercury, and intimately mixed with thirty of corro- 
sive sublimate. The mixture is put into a glass retort with a 
sufficiently capacious receiver luted to it, and may be distilled 
over a small charcoal fire. The heat should be slowly raised to 
prevent too sudden action. Towards the end of the process a 
little chloride rises, which the old chemists, from its consistency 
and appearance, called Butter of Tin. It is a transparent 
colourless fluid, and when poured into water, is instantly con- 
verted into permuriate of tin. It consists of 59 tin + 72 chlo- 
rine. It was formerly called Libavius's Fuming Liquor : it 
exhales copious fumes when exposed to a moist air, and pro- 
duces muriatic acid and oxide of tin. It is instantly decompos- 
ed by metallic zinc, forming chloride of zinc and a precipitate 
of metallic tin. 

1172. The Protomuriate of Tin 9 may be obtained by 
boiling one part of tin with two of muriatic acid, in a tubu- 
lated retort. The solution has always an excess of acid, is 
perfectly limpid and colourless ; and contains the metal at the 
minimum of oxidation. It has a tendency, however to ac- 
quire a farther proportion of oxygen, and should, therefore, 
be carefully preserved from contact with the air. This property 
of absorbing" oxygen is so remarkable, that it may even be 
applied to eudiometrical purposes. Proto-muriate of tin has, 

* Brooke*i CiyrtaUography, 177. See alto W. Phillips in Geological Trant. ii. 
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also, the property of reducing to a minimum of oxidation, those 
compounds of iron, in which the metal is fully oxidized, forex- 
ample, it reduces the red sulphate to the green. It is a test also 
of gold and platinum, and blackens the solution of corrosive sub- 
limate. . With hydro-sulphurets it gives a black precipitate. H. 

With solution of gold it produces a purple precipitate used 
in painting porcelain, and known under the name of Purple of 
Cassius . It crystallizes from its concentrated solution in small 
deliquescent needles. With infusion of cochineal it produces a 
purple precipitate. This muriate of tin is the Sal Jovis of old 
writers, Jupiter being the name by which the alchemists distin- 
guished this metal. 

1173. Recent muriate of tin is a very delicate test of mercury. 
M. Chenevix says, if a single drop of a saturated solution of 
neutralized nitrate, or muriate of mercury, be put into 500 grs 
of water, a few drops of solution of muriate of tin will render it 
a little turbid, and of a smoke-grey ; and the effect is perceptible 
with ten times as much water. U. 749. 

1174. The protomuriate of tin appears to be composed of 67 
protoxide -f 37 muriatic acid, or of 

Muriatic acid .... 35,5 .... 100 .... 55 

Protoxide of tin . . 64,5 .... 182 ... 100 

- » 

190, H. 2. 40.* 

1175. When potassa is added to muriate of tin, a submuriaie 
of the protoxide is thrown down, consisting, according to Dr 
Davy of 134 protoxide + 37 acid, or of 

Muriatic acid 19,0 100 

Protoxide.. 70,4 364 

Water. • 10,6 


100 . 

1176. Nitro-muriate of Tin. The nitro-muriatic acid 
(formed by mixing two or three parts of muriatic acid and one 
of nitric,) dissolves tin abundantly, with violent effervescence, 
and with so much heat, that it is necessary to add the metal 
slowly by successive portions. The solution is apt to congeal 
into a tremulous gelatinous mass ; and if water be added, it is 
partly decomposed, and some oxide separated. The solution, 
used by the dyers, is prepared with that dilute nitric acid called 
single aqua-fortis, to each pound of which are added from one 
to two ounces of the muriate of soda or ammonia. This com- 
pound acid is capable of taking up about an eighth its weight of 
tin. H. 2. 41. 

The solution is employed to heighten the colours of cochineal, 
gum-lac and some other red tinctures, from crimson to a bright 
scarlet in the dyeing of woollens. 

• On the preparation of muriate of tin, tee Berard, Ann. de Chim. Ijmii. 78* or Nicholion** Jw 

xxri, and Cbaadet, Ann. de Chim. et Pbys. iii. 37tH 
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1177. The permuriate bf tin forms acicular crystals in the 
upper parts of the phials containing the bi-chloride imperfectly 
secured from air. The addition of the pure alkalies to this 
salt of tin, occasions a precipitate which has not been accu- 
rately examined, but is said to be a subpermuriate* The 
peroxide of tin is more readily soluble in alkalies than the 
protoxide ; it has been hence termed Stannic acid.* 

1178. Nitrate of Tin . Wbeh nitric acid, highly concen- 
(rated, is poured upon tin filings, very little effect is produced ; 
but when a small quantity of water is added, a violent efferves- 
cence follows ; and the metal is reduced to a bulky powder, 
which is the white oxide retaining a little acid. If more water 
be added, an acid liquor is obtained, holding very little tin in 
solution ; and containing nitrate of ammonia, the alkaline base 
of which is formed by the simultaneous decomposition of the 
water and nitric acid, and the union of the hydrogen of the for- 
mer with the nitrogen of the latter. (472) H. Tin, however, is 
slowly dissolved, without effervescence, in nitric acid greatly 
diluted ; the solution is yellow and will not crystallize ; expos- 
ed to air it absorbs oxygen and peroxide of tin precipitates. 

1179. Tin and Sulphurl Tin unites with sulphur, but sdphunu 
requires, for its combination, so high a temperature, that at the 
moment of union there is too small a quantity of sulphur pres- 
ent, to saturate the tin, and a mechanical mixture results, of tin 

and sulphuret of tin/ The only method of obtaining the satu- 
rated sulphuret is to melt the aurum musivum, which will 
presently be described, in close vessels. The protosulphuret is 
of a bluish colour and lamellated structure. 

• It is composed, according to Dr John Davy and Berzelius, of 
1 proportional metal + 1 sulphur, or 

Tin 78,6 100, Composition. 

Sulphur .... 21,4 • 27,234 

100, 127,234 ' 

The second sulphuret, or bisulphuret of tin ( aurum musi* Amm ^ 
mm,) is formed by heating sulphur with peroxide of tin, or, t olHT mam ' 
by heating in a matrass a powdered amalgam of 12 parts of tin 
tnd 6 of mercury, mixed with 7 parts of flowers of sulphur and 
6 of muriate of ammonia. A gentle heat is to be applied till the 
white fumes cease to appear, when the heat is to be raised to 
redness, and kept so for some time. .On cooling, the aurum 
musivum (or Mosaic Gold) may be obtained by breaking the 
matrass. It is of a beautiful gold colour, and flaky in its struc- 
ture. H. 2. 41.t 

* Mid* Tim mm y bn formed directly by boating the metal with iodine ; or indirectly by addinf 
bydriodic acid to a eolation of muriate of tin. It is an orange-coloured compound, and has not been 
analysed. 

t Soo Phil Trans. 1TJI. — This process is tbns explained. As the heat increases, the tin, by stronger 
■isitj. seises and combines with the muriatic acid of the muriate of ammonia, while the alkali of that 

combining with a portion of the sulphur, flies off in the form of a sulpboret The combination of tin 

40 
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PrepcftM. 1180. A arum musirum has bo taste, is not soluble in water, 
acids or alkaline solutions. But in the dry way it forms a yel- 
low sulphuret, soluble in water. It is used as a pigment for 
giving a golden colour to small statue or plaster figures. It is 
likewise said to be mixed with melted glass to imitate lapis 
lazuli. U. 208. 

The sulphurets of tin consist respectively of 59 tin + 16 sul- 
phur, and 59 tin -f 32 sulphur.* 

1181. Sulphate of Tin . When tin is boiled in sulphnrie 
s«ip! at*, acid, a solution is obtained which deposits white acicular crys- 

tals. A protosulphate of tin is also precipitated by pouring 
sulphuric acid into protomuriate of tin. If the sulphate be loog 
boiled, a copious white precipitate subsides, which will not 
again dissolve. It is composed of the white oxide retaining 
only a small portion of acid, and constituting in fact a sub- 
sulphate. H.t 

ckreterb- H® 2 - The salts of tin are mostly soluble in water. They 
uct of the*’ are precipitated of an orange colour by hydriodic acid, and by 
Miuof tan. hydrosulphuret of ammonia, provided no excess of acid be pres- 
ent. Solution of muriate of gold, and of corrosive sublimate 
produce purple and black precipitates in the salts of tin contain- 
ing the protoxide, but none in those containing the peroxide. 
Ferrocyanate of potassa produces a white precipitate in solution 
of muriate of tin. A plate of lead frequently throws down me- 
tallic tin, or its oxide, from the saline solutions. 

Alloys. 1183. Tin forms useful alloys with many of the metal* 

Pewter is one of these ; and the best kind of it is entirely free 
from lead, being composed chiefly of tin with small proportions 
Of antimony, copper and bismuth.}: An amalgam formed by 
gradually adding three parts of mercury to twelve of tin melted 
m an iron ladle, and stirring the mixture, is much used in sil- 
vering looking glasses. H. With potassium and sodium, tin 
forms brittle white alloys. Its alloy with manganese is not 
known. It does not readily combine with iron, but tin-plate 

an* muriatic add sublimes, and it found adhering to the sides of the matrass. The mercury, which 
served to divide the tin, combines with part of the telpher and forms cinnabar, which also sublimes; 
and the remaining sulphur, with the remaining tin, forms the auras mashrmn, which occupies the lower 
pert of the vessel. It most be admitted, however, that this explanation does not indicate the rea- 
eons why tech an indirect and complicated process should be required to form a simple combtaatiue 
of tin and sulphur. U. 

• Hf ftm ifh iU ofTm, has not boon examined. Variate of tin forms no precipitate with the alka- 
line hyposulphites. Sulphite qfTin is formed by digesting the protoxide in sulphurous acid, hot the 
salt has not beea examined. 

f HydrotnlpkuroUod Grids tfTin'u yellow brown, and formed by pouring solution of sulphuretted 
hydrogen into dilute nwriate of tin. PAospAvrst of Tin may be formed by dropping phosphorus into 
malted tin. It is of a silvery colour, sectile, and somewhat ductile. When its filings are sprinkled 
upon bot coals the phosphorus barns. PAospAi/s tf Tin has not been examined. PAospAote of Tin is 
formed by adding phosphate of soda to the solutions of tin. It is a white powder, not sohrfile in water 
and fuses at a radjieatintoan opaque white enamel. CarbonmUofTHn — When carbonate of pots me 
b added to |irutemmiitfi of tin, a white precipitate ensues, which, when washed and dried efiervesees 
copiously with the adds. Horsts of Tin is an insoluble white powder. 

% On the alleys of tin, n memoir of M. Dussausoy may be consulted in the Ml Tol of Ate. do Chrna. 
etPhys.; and Hr Ckaadet's paper in tbs tarns, and in the 7th volume. 


Digitized by LjOOQle 


CADMIUM. 


315 


may be considered as an imperfect alloy of those metals. 
With zinc it forms a hard brittle alloy. 


Section XII. Cadmium. 

1184. Cadmium was discovered in the autumn of 1817, by 
Stromeyer, in an oxide of zinc, which had been prepared for 
medicinal use from an ore of zinc brought from Silesia. He 
ascertained its principal properties and combinations ; and has 
since extracted it from various other ores of zinc.* Dr Clarke 
has shown that it exists in the ores of zinc from Derbyshire and 
Mendip, and in the zinc of commerce ;t and Mr Herapath, of 
Bristol, has pointed out an abundant source of it in the subli- 
mate, which, in the process for obtaining zinc by distillation, 
rises before the zinc, in what the workmen call the broum 
blaze. Of this sublimate, which is attached to the roof of the 
vault, it forms from 12 to 20 per cent.J 

1185. The presence of cadmium, in an ore of zinc suspected 
to contain it, may be discriminated by directing the blue flame 
of a candle upon a small fragment placed on a slip of platinum 
foil. If any cadmium be present, its oxide will be reduced, 
volatilized, and carried along the slip of platinum, coating it 
with its peculiar reddish-brown oxide. Dr Wollaston, to detect 
cadmium, dissolves the ore of zinc in muriatic acid, gets rid by 
heat of the excess of acid, and adds distilled water. All the 
metals that iron Will precipitate he removes by a rod of iron, 
and filters the liquor into a platinum capsule containing a piece 
of zinc. The cadmium, if any be present, will coat over the 
surface of the capsule with a precipitate of a dull leaden hue, 
and will adhere so firmly that it may be washed, and thus freed 
from any remaining solution of zinc. Muriatic acid will dis- 
solve the lead-coloured precipitate with effervescence, and 
either carbonated or caustic potassa will yield a white precipi- 
tate ; which may be tested before the blow-pipe in the manner 
already described. 

1186. To separate cadmium from the ores of zinc, Stromeyer 
dissolves the ore in sulphuric acid ; and through the solution, 
which ought to contain an excess of acid, sends a current of 
sulphuretted hydrogen gas. The precipitate is well washed, 
dissolved in concentrated muriatic acid, and the excess of acid 
expelled by evaporation. The residue is dissolved in water, 
and precipitated by carbonate of ammonia, an excess of which 
must be added to re-dissolve any zinc or copper that may have 
been thrown down by the sulphuretted hydrogen gas. Carbo- 
nate of cadmium alone remains, which, after being heated to 

* Aon. Philo*, xhr. 969. 

t .An*. Philo*. xt v 272, and N. S. iii. 139. \ Ibid 435. 
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drive off the carbonic acid, is reduced by mixing it with lamp- 
black, and exposing it to a moderate red heat in a glass or 
earthen retort. 

Pmptrtei. 1187. Cadmium resembles tin very nearly in colour, lustre, 
and in the sound it emits when bent. It is somewhat harder 
than tin, and surpasses it in tenacity. It is very ductile, and 
may be reduced to fine wire, or thin plate ; yet when long 
beaten, it scales off in different places. Its specific gravity is 
8,604 before hammering, and 8,694 afterwards ; or, according 
to Mr Children,* 8,67 before, and 905 after being hammered. 
It melts at a heat below redness, and is volatilized by a heat 
not much greater than that required to vaporise mercury. Its 
vapour has no odour. It condenses in drops as readily as mer- 
cury, and these, on congealing, present distinct traces of crys- 
tallization. 

o*ifo 1188. Cadmium is as little altered by exposure to the air 

as tin. When heated in the open air, it burns as readily as the 
latter metal, and is converted into a brownish-yellow oxide. 
This oxide, which is its only one, consists of 100 metal + 14,352 
oxygen ;t which gives 56 for the equivalent number of the 
metal, and 64 for that of the oxide. This oxide is soluble in 
ammonia, but not in carbonate of ammonia, or in potassa, or its 
carbonate, which even precipitate it from its solution in ammo- 
nia. By availing himself of this property, Mr Children sepa- 
rated it from oxide of zinc, which is not thrown down by 
the fixed alkali, and thus verified its presence in compounds 
containing much zinc and little cadmium. 

1189. With the acids, oxide of cadmium unites and forms 
salts, which agree in the following characters. Fixed alkalies 
throw down a white hydrated oxide, as does ammonia, with 
this difference, that the latter, added in excess, re-dissolves the 
precipitate. Prussiate of potassa causes a white sediment, as 
does oxalate of ammonia. Sulphuretted hydrogen, and the 
hydro-sulphurets, throw down cadmium of a yellow or orange 
colour, like orpiment. No change is produced by chromate of 
potassa, succinate or benzoate of ammonia, infusion of galls, or 
sulphate of soda. 

Ckiotide. 1190. Chloride of Cadmium crystallizes in small rectangu- 
lar prisms, perfectly transparent, which effloresce when heat- 
ed, and are very soluble. At a high temperature, it sub- 
limes in small micaceous plates : 100 parts of the fused chloride 
consist of 38,61 chlorine -f .61,39 metal. This gives 57 for the 
equivalent of cadmium, differing very little from the number 
deduced from the oxide. 

1191. Iodide of Cadmium forms large and beautiful hexae- 

feaid - dral tables, of a metallic or pearly lustre. At high tempera- 
? tures, the iodine escapes. It consists of 100 metal + 227,43 
iodine. 

* (tout* Jour, rl 216- f Stromeyer. 
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1192. Nitrate qf Cadmium crystallizes in prisms or needles, Nitr»t*. 
which are deliquescent. Its constituents are 100 acid + 117,58 
oxide. 

1193. The sulphate crystallizes in large rectangular prisms sui P b*tt. 
resembling sulphate of zinc, which are very soluble in water. 

They effloresce in the air, and at a gentle heat lose their water 
of crystallization, amounting to 34,26 on 100 of the dry salt. 

The neutral sulphate consists of 100 acid -{- 161,12 oxide. 

1194. The Carbonate is pulverulent and insoluble in water, cubonttt. 
and readily decomposable by heat It consists of 100 acid + 

392,88 oxide. 

1195. The phosphate is pulverulent and insoluble. It is con- 
stituted of 100 acid + 225,49 oxide. 

1196. Cadmium unites with sulphur, as with oxygen, in only j^“ r wHk 
one proportion, which is that of 100 metal to 28,172 sulphur. M ° r 
The sulphuret has a yellow colour with a shade of orange. 
Concentrated muriatic acid acts readily upon it, and evolves 
sulphuretted hydrogen gas. The sulphuret may be formed by 
heating sulphur either with the metal or the oxide, or by pre- 
cipitating a solution of cadmium by sulphuretted hydrogen. 

1197. Phosphuret of cadmium has a grey colour and a feeble 
metallic lustre. 

1198. Cadmium unites with other metals. Its alloy with auoj*. 
copper is white, with a slight tinge of yellow. It unites also 
with cobalt, platinum, and mercury, and probably with other 
metals. 

From a survey of its salts, it appears that their analysis does 
not lead to a perfect agreement as to the equivalent of its oxide, Equivalent 
and consequently of that of the metal. None of the results, how- “ mbef * 
ever, are very remote from affording 64 for the number repre- 
senting the oxide, from which deducting 8, we obtain 56 for 
the equivalent of cadmium. H. 2. 43. 


Section XIII. Copper . 

1199. This metal is found native, and in various states of Porero 
combination. Of its ores, the oxide, chloride, sulphuret, sul- howobuS*-^ 
phate, phosphate, carbonate, and arseniate, are the most remark- fd * 
able. The metal may be obtained perfectly pure by dissolving 
the copper of commerce in muriatic acid ; the solution is diluted 
and a plate of iron immersed, upon which the copper is pre- 
cipitated. It may be fused into a button, after having been 
previously washed in dilute sulphuric acid to separate a little 
iron that adheres to it. ‘ 

It was known in the early ages of the world, and was 
the principal ingredient in domestic utensils, and in the instru- 
ments of war, previous to the discovery of malleable iron. 

The word copper is derived from the island of Cyprus, where 
it was first wrought by the Greeks. 
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1200. Copper has a fine red colour, and much brilliancy; it 
is very malleable and ductile, and has a peculiar smell when 
warmed or rubbed. It melts at a cherry red or dull white 1 
heat. Its specific gravity is 8,90. Under a flame, urged by 
oxygen gas, it takes fire, and burns with a beautiful green 
light. 

1201. Copper is oxidized by air. This may be shown by 
heating one end of a polished bar of copper, which will exhibit 
various shades of colour, according to the intensity of the heat, i 

A plate of copper, exposed for some time to heat, becomes 
covered with an oxide, which breaks off in scales when the cop- 
per is hammered. It is composed of 62 of the black oxide and 
38 copper. This oxide, when exposed on a muffle, is farther 
oxidized, and assumes a deep red hue. Copper is also oxidized 
by long exposure to a humid atmosphere, and assumes a green 
colour ; but the green compound holds carbonic acid in combi- I 
nation. The oxides of copper do not return to a metallic state I 
by the mere application of heal; but require, for their reduc- j 
tion the admixture of inflammable matter. | 

1202. Native Copper occurs in a variety of forms; massive, I 
dendritic, granular, and crystallized in cubes, octoedra, &c. It 

is found in Cornwall, Siberia, and other parts of Europe. Large 
masses have been found in various parts of America; one of 
which, about 30 miles from Lake Superior, described by Mr 
Schoolcraft, weighs by estimation 2,000 lbs.* 

1203. Copper and Oxygen. Copper is susceptible of only 
two degrees of oxidizement ; in its lower stage the compound is 
red ; when oxidated to the maximum, it is black. The red or 
Protoxide occurs native. It may be formed artificially, by 
digesting a mixture of metallic copper, and peroxide of copper, 
in muriatic acid. Mr Chenevix recommends the following pro- 
cess. Mix together 57£ parts of black oxide of copper, precipi- 
tated from the sulphate on an iron plate. Triturate it in a mor- 
tar, and put the mixture with 400 parts of muriatic acid, into a 
phial, which is to be well stopped. The copper and its oxide 
will be dissolved with heat. When potash is poured into this 
solution, the oxide (or rather hydrated protoxide) of copper is 
precipitated of an orange colour. * This oxide, when deprived 
of water, becomes red ; but it attracts oxygen so strongly that 
it can scarcely be dried without absorbing more. It is com- 
posed of 

Copper 88,89 100. 

Qxygen 11,11 12,5 

100. H. 2. 90- 

1204. The equivalent number of copper, deducible from the 
composition of the protoxide, is therefore 64, for 12,5 : 100 : : 

8 : 64, and the protoxide will consist of 1 atom copper = 64 + 

1 atom of oxygen 8 = 72. 

* See other localities in Cleavelanl’s Mineralogy, p. 654. 
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The Ruby Copper of mineralogists is a native Protoxide. 

1805. Peroxide of Copper may be obtained, either by cal- 
eining the scales of eopper, which have already been alluded 
to, under a muffle ; or by decomposing nitrate of copper by 
caibonate of potass*. and igniting the precipitate ; or by the 
simple ignition of the nitrate. It is composed of 

Copper 80 100 

Oxygen 80 25 

TOO. H. 2. 89. 

1206. The composition of this oxide is learned by dissolving 
100 grains of pure copper in nitric acid, evaporating to dry- 
ness, and giving the residue a red heat in a porcelain crucible; 
it is peroxide of copper, and weighs 125 grains : considering this 
as a compound of 1 proportional of copper and 2 of oxygen, the 
number 64 will represent the metal; for, 25 : 100 : : 16 : 64. 

100 grains of pure native protoxide of copper in octoedral 
crystals, dissolved in muriatic acid, furnished a precipitate of 
89 grains of metallic copper upon a plate of iron, so that the 
protoxide consists of 89 copper +11 oxygen; and 11 : 89 : : 
8 : 64,7. B. 

This number closely accords with that derived from the anal- 
ysis of the chloride. 

1207. Copper and Chlorine. Gaseous chlorine acts upon 
copper with great energy, and produces two chlorides ; the one 
a fixed fusible substance, which is the protochloride, consisting 
of 1 proportional of copper as 64 + 1 proportional of chlorine 
= 36. The other a volatile yellow substance, which is a per- 
cbloride, and contains 64 copper + 72 chlorine. 

1208. The Protochloride of Copper was first described by 
Boyle in 1666, under the name of Rosin of Copper . It may 
be obtained by exposing copper filings to the action of chlorine 
not in excess ; or by evaporating the protomuriate, and heating 
the residue in a vessel with a very small orifice ; or by heating 
the perchloride in the same way. It is also the residue of the 
distillation of a mixture of two parts of corrosive sublimate and 
one of copper filings. It is insoluble in water, but soluble in 
muriatic acid, from which potassa throws down a protoxide. 
When water is added to its muriatic solution it is precipitated 
unaltered ; its colour varies, being generally dark brown ; but if 
fused and slowly cooled, it is yellow, translucent, and crystalline. 

1209. When moistened chloride of copper is exposed to air, it 
acauires a greenish white colour, and becomes converted into a 
Mpermuriate of copper. The same compound may be formed 
by adding hydrated peroxide of copper to a solution of the per- 
muriate ; or by exposing to the atmosphere slips of copper par- 
tially immersed in muriatic acid. This compound consists of 


2 proportionals peroxide of copper 80 X 2 = 160 

1 muriatic acid 37 

2 water 18 

215* 
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Perehioride. 1210. Perchloride of Copper may be formed by dissolving 
peroxide of copper in muriatic acid, and evaporating to dryness 
by a heat below 400°. It is soluble in water, producing a per- 
muriate, from which potassa precipitates the peroxide : its col- 
our is yellow, but it becomes white and afterwards green when 
exposed to heat and moisture. Exposed to a red heat in a tube 
with a very small orifice, gaseous chlorine is expelled and it 
becomes a protochloride. (1209.) 

1211. Muriatic acid acts with difficulty on metallic copper. 
Actios of ma. except it be concentrated and boiling; but it readily dissolves 
ristioacid. the peroxide, forming a brown or grass-green solution, accord- 
ing to its state of dilution. This is a permuriate of copper . 
If plates of copper be exposed to the joint action of air and the 
fumes of muriatic acid, they become incrusted with a green 
powder, which is readily soluble in muriatic acid, and which 
is the subpermuriate . (1290.) 

If metallic copper be digested in muriatic acid with the 
rratonwiate. an olive-coloured solution of protomuriate of copper 

is formed which strongly attracts oxygen, and which, when con- 
centrated, deposits small grey crystals. The addition of potassa 
occasions a precipitate of the orange or protoxideof copper, 4 ( 1 203) 
which according to Berzelius, consists of 100 copper + 12,5 
oxygen. (• Annates de Chim. lxxviii. 107.) Proust’s analysis 
of the peroxide gives 100 copper + 25 oxygen, and these num- 
bers furnish 64 as the equivalent of copper. (1205.) 

1212. Native Submuriate of Copper is found in Peru and 
Chili, sometimes in the form of green sand, and sometimes 

atttamite. massive and crystallized. The green sand yvas found in the 
river Lipas, in the desert of Atacama, separating Peru from 
Chili, hence mineralogists have termed this variety, Atacamite* 
Muriate of copper has also been found upon some of the lavas 
of Vesuvius. The primitive form of this substance is an octoe- 
dron. It is of a deep green colour, and contains, according to 
Dr Davy’s analysis, 73 peroxide of copper + 16,2 muriatic 
acid + 10,8 water.* 

Nitrate. 1213. Nitrate of Copper . Nitric acid, diluted with three 
parts of water, rapidly peroxidizes copper, evolving nitric oxide, 
and forming a bright blue solution, which affords deliquescent 
prismatic crystals on evaporation, of a fine blue colour and very 
caustic. It consists of 80 peroxide +108 acid ; but the crys- 
tals contain a considerable portion of water, which causes them 
to liquefy at a temperature below 212°. At a higher tempera- 
ture they lose water and acid, and according to Proust become 
a subpemitrate , which is insoluble in water,, and entirely 
decomposed at a red heat. There appears to be no protonitrate 

• Cklorote <tf Copper if a blue-green deliquescent fait, difficultly crystal lizable, formed by diseolr* 
iog peroxide of copper in chloric acid. A piece of paper dipped into itf solution burns with a re* 
markable green flame. — Vauquelin. An Iodide of Copper is precipitated from solutions of the metal 
by hydriodic acid* It is brown and insoluble. When solution of potassa if added to solution* of cop* 
per, an insoluble iodatt qf copper is thrown down. 


Digitized by LjOOQle 



AMMONIA AND COPPER. 


321 


of copper, for protoxide of copper, digested in very dilute nitric 
acid is resolved into peroxide which dissolves, and into metallic 
copper. Potassa forms, in this solution, a bulky blue precipi- Hr<1rated 
tale of hydrated peroxide of copper , which when boiled in 
potassa or soda, becomes black from the loss of its combined 
water. 

1214. When crystals of nitrate of copper are coarsely pow- Exp. 
dered, sprinkled with a little water, and quickly rolled up in 

a sheet of tin foil, there is great heat produced, nitrous gas is 
rapidly' evolved, and the metal often takes fire. 

1215. If ammonia be added to solution of nitrate of cop- Amn>ooio- 
per, it occasions a precipitate of the hydrated peroxide ; but if nilrEle ‘ 
it be added in excess, the precipitate is re-dissolved, and a triple 
ammonio-nitrate of copper is produced. 

1216. If peroxide of copper be digested in ammonia it is dis- Amrooniuret 
solved, forming a bright blue solution, which by careful evapp- ofco|>per ' 
ration affords fine blue crystals. A mixture of lime, sal ammo- 
niac, and water, placed in a copper vessel, or mixed with oxide 

of copper, also affords a fine blue liquor in consequence of the 
action of the ammonia on the oxide of copper. This solution is 
the Aqua Sapphirina of old pharmacy. The compound has 
sometimes been called Ammoniuret of Copper , or Cuprate of 
Ammonia. 

1217. The protoxide of copper also dissolves in ammonia, but 
the solution is colourless ; if it be exposed to air it becomes e *p- 
blue. This may be well shown by filling a tall glass with 
liquid ammonia, and adding a few drops of solution of protomu- 
riate of copper ; the liquid presently acquires a blue colour upon 
the surface, but remains for some time colourless below. 

Into a half ounce stoppered phial, filled with a solution of Rx? 
ammonia, drop a few pieces of metallic copper; if the bottle be 
left unstopped, a beautiful blue liquid will be obtained ; if the 
stopper be replaced, this colour in a short time will disappear, 
and re-appear on again admitting the air. In this manner a blue 
and colourless liquid can be alternately produced as we with- 
draw or replace the stopper. In this experiment the peroxide 
when excluded from the air, is converted into a protoxide by 
the action of the metallic copper, which again becomes the per- 
oxide by the action of the atmosphere. 

1213. Plates of copper digested in a solution of muriate of Braoawkk 
ammonia, are soon incrusted with a green powder, which has 
been used in the arts under the name of Brunswick green.* 

* According to Dr Mac Col loch a solution of copper in ammonia may be obtained by boiling metal- 
lic copper in water of ammonia. The water is decomposed, the metal n oxidated and hydrogen 
eecapee. Advantage maybe taken of this in cleaning (or colouring, at it it termed by jewellers) 
gold trinkets, such as chains, Ac. which are often made of a very inferior alloy. Artists make use of 
weak nitric acid, or of the materials from which the acid is prodoc vd, aod which often destroys the 
iner kinds of workmanship by dissolving the copper of the alloy to some depth on the surface ; the 
gold not being acted upon, the trinket appears as if newly gilded. Beiling in ammonia is a safe sob* 
stitute for this process and the operation n say be performed by any person without the assistance of the 
artist Brewster's Jour- >• 76. Bast. Jour. iL 306. 

41 
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sulphur**. 1919. Copper and Sulphur . There tre two sulphurets of 
copper, both of which exist native ; the one is black and may 
be formed artificially, by mixing together 8 parts of copper 
filings, and 2 of sulphur, and exposing the mixture to a gentle 
heat.* Whenever the sulphur is raised a little above its melting 
temperature, combustion suddenly pervades the whole mass 
with explosive violence, exceeding in brightness that produced 
by the fusion of iron and sulphur. — The experiment succeeds 
equally well in vacuo or in azote. U. 370.t 

Copper leaf, Berzelius observes, f burns in gaseous sulphur, 
as brilliantly as iron wire in oxygen gas. A compound is 
formed, precisely analogous to the native black sulphuret of 
copper, or copptr glance* It is a proto-sulphuret and con* 
sists of 

Copper .... 80 100 or 1 atom = 64 

Sulphur .... 20 25 „ 1 „ =16 

100 125 80 H. 2. 98. - 


Bi-Mdptoret. 1220. Bi-sulphuret of copper forms the principal ingredient 
of copper pyrites , or the yellow sulphuret, which is the most 
important and generally occurring ore, affording the largest pro- 
portion of the copper of commerce.§ 

. 1221. Hyposulphite of Copper was formed by Mr Herschel 

HttomI- by mixing hyposulphite of potassa with sulphate of copper. It 
is colourless; of an intensely sweet taste; and provided air be 
excluded, it is not turned blue by ammonia, which seems to 
show that the metal is in the state of protoxide. — Edin. Philos . 
Jour . i. 24. 

ftu| M 1222. Sulphite qf Copper may be obtained by passing a cur- 

* rent of sulphurous acid gas (which has been first passed through 
a small quantity of water, in order to deprive it of sulphuric 
acid) into a vessel containing waterand peroxide of copper. A 


• Or by Biiin 9 parts of th« metal with 1 of sulphur, io aflat* tube. 

f From this experiment. Dr Ure remark*, we ate entitled to consider sulphur as a true supporter of 
oombustioo, if this name be retained in chemistry, —and sulphur is at once a supporter and a rnmhasti 
bln Is the fullest sense ; a fact fatal to this technical disti action, since one body cannot be possessed of 
diametrically opposite qualities. U. 3*10. 

1 79 Ann. de Chim. 950. See alsq VaoqoeKn on the artificial Sulphuret of Copper, last. ttf. 
Berselius states that 100 metal combine with 95,6 sulphur. 

\ The Cornish mine* era vary productive of this ore, and it is the principal product of the Parys 
mountain mine in A af loses. 

The followiof is an oatline of the process by which these ores of copper are reduced, as carried on 
opoa a vary larfe scale near Swansea, where the chief part of the Cornish ores are broofht to the 
state of metal. The oca, having been picked and broken. Is heated in a reverberatory furnace, by 
which arsenic and sulphur are driven off. It is than transferred to a smaller reverberatory, where h is 
limed, and the slag which separates, being o c ca s ionally removed, it cast into oblong mamas used as a 
substitute for bricks. The import metal collected at the bottom of the furnace is granulated by letting 
it run into water; it is afterwards re -melted and granulated two or three times successively , in order 
further to separate impurities, which are obi* fly sulphur, iron, and arsenic, and ultimately cast iota 
oblong pieces called which are broken up, roasted, and lastly malted with a portion of charcoal 
in the refining furnace. It is now malleable : and is generally rolled into plates, which are annealed, 
and when hot, quenched in urine, which gives the metal a peculiar red tinge, B. 
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green liquid is formed, which contains sulphite of copper, with 
a large excess of acid ; and sulphite of copper in very small 
red crystals, remains at the bottom of the vessel. This salt 
has been investigated by Chevreuil,* and found to consist of 
protoxide of copper 63,84 sulphurous acid 36,1:6. H. 

1223. When sulphite of potassa is added to nitrate of copper 
a precipitate falls, which assumes the form of red and yellow 
crystals. The former are sulphite of copper ; the latter a trip* 
pie sulphite of potassa and copper . — Chevreuil. * 

1224. Persulphate of Copper. — Roman Vitriol . — Blue Vit- 
riol . — This salt is formed by dissolving peroxide of copper in 
sulphuric acid. It crystallizes in rhomboidal prisms of a fine 
blue colour, doubly refractive, and soluble in about 4 parts of 
water at 60°. It may also be formed by boiling copper filings 
in sulphuric acid ; a process which furnishes abundance of sul- 
phurous acid, but which is not generally had recourse to, to 
produce sulphate of copper. It is made upon a large scale, by 
exposing roasted sulphuret of copper to air and moisture. When 
heated it loses water of crystallization, and at a higher tempera- 
ture sulphuric acid is evolved, uYimixed with sulphurous acid, 
as in the case of the decomposition of protosulphate of iron, 
(1115) and peroxide of copper remains. It is the Vitriol or 
Salt of Venus of the alchymists. It consists of 80 peroxide -f 
80 sulphuric acid, when crystallized it contains 10 proportionals 
of water, and consequently its composition will stand thus : — 

1 proportional of peroxide 80 

2 proportionals of sulphuric acid. ... 80 

10 proportionals of water 90 

250 B. 

Strictly speaking this salt is a bi-sulphate, fl. 

There appears to be no protosulphate of copper, for when 
protoxide of copper is digested in dilute sulphuric acid, metallic 
copper is separated, and a solution of the peroxide obtained. 

1225. By cautiously adding ammonia to a solution of the fore- 
going salt, a subsulphate of copper is precipitated, consisting 
of 160 oxide + 40 acid. The alkalies precipitate hydrated 
peroxide from the solution of the persu}phate, and excess of am- 
monia forms a triple sulphate qf ammonia and copper. The 
same compound is formed by triturating carbonate of ammonia 
with crystals of sulphate of copper. It is the cupri ammonia- 
return of the U. S. Pharmacopoeia .t 

1226. Phosphoric acid unites with peroxide of copper in two 
proportions. If solutions of phosphate of soda and sulphate of 

* Am. de Chin. •&. 181. 

t S d j f to i Cb j yt f f mud Poimism U & triple salt formed by digesting peroside'of copper in b#*»l- 
phate of potUM. It erystallues in rhomboids of » pole blue colour. Phosphor** and Copptr form a 
frey brittle pbospburet. It is most easily nude by dropping pieces of phosphorus on red-hot copper 
*ri. It is more fusible than copper. 


Persulphate 
or Blue Vit- 
riol. 


Composition. 


SubsiUphete. 


Phosphate. 
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copper be mingled together, a bluish green precipitate is form 
ed, consisting of 

1 proportional peroxide of copper 80 ... . 55,35 

2 phosphoric acid ... 56 ... . 38,40 

1 water 9 . . . . 6,25 

145 100, 

It is therefore a bi-phosphate. The phosphate has not yet 
been formed artificially, but has been found native, of ao eme- 
rald green colour. H.* 

1227. Carbonate of Copper , artificially prepared, by adding 
carbonate of potassa to sulphate of copper and drying the pre- 
cipitate, is a green compound, insoluble in water, consisting, 
according to Mr R. Phillips, of 80 peroxide + 22 carbonic 
acid + 9 water. It is, therefore, a supercarbonate . Copper, 
^exposed to damp air, becomes incrusted with this compound. 
Exposed to heat, it loses water and carbonic acid, and leaves 
the peroxide. In order to heighten the green tint for which 
this compound is esteemed as a pigment, it should be repeatedly 
washed with boiling water. * 

1228. There is a fine blue cupreous preparation, called Re- 
finer's Verditer , principally made by silver refiners. It con- 
sists, according to Mr R. Phillips, of 3 proportionals of oxide, 4 
of carbonic acid, and 2 of water. ( Quarterly Journal of Sci- 
ence and the Arts , Vol. iv. p. 277.) There is a very inferior 
pigment, also called Verditer, which is a mixture of subsulpbate 
of copper and chalk. 

According to Pelletier, a good verditer may be obtained as 
follows : add a sufficient quantity of lime to nitrate of copper to 
throw down the hydrated oxide \ it gives a greenish precipitate 
that is to be washed and nearly dried upon a strainer ; then in- 
corporate it with from 8 to 10 per cent, of fresh lime, which 
will give it a blue colour, and dry it carefully. 

1229. According to Mr Chenevix, the alkaline carbonates 
dissolve a portion of the peroxide of copper, and form triple 
salts. 

1230. Native Carbonate of Copper is found of a green and 
blue colour. The former, or Malachite , is found in various 
forms, but never regularly crystallized. It is of various shades 
of green, and often cut into small slabs, or used as beads and 
broach stones. The pulverulent variety has been termed cryto- 
colla and mountain green . 

1231. Borate of Copper. Solution of borax, poured into 
sulphate of copper, produces a bulky pale green precipitate o 
borate of copper. 

1232. Ferrocyanate of Copper is a brown compound, obtain- 
ed by adding ferrocyanate of potassa to a dilute solution 
phate or nitrate of copper. Mr Hatchett has recommended this 
substance as a brown pigment 

* See CleaveUnd’i Mloerelof y, 574. 
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1233. Many of the alloys of copper are important* With Alloy*, 
gold it forms a fine yellow ductile compound, used for coin and 
ornamental work. British sterling or standard gold consists of 

11 gold + 1 copper. The specific gravity of this alloy is 
17,157. With silver it forms a white compound, used for plate 
and coin. Lead and copper require a high red heat for union ; 
the alloy is grey and brittle. — See Gold and Silver. 

Of the alloys of copper with the preceding metals the most 
important are brass and bell-metal. It forms white compounds 
with potassium and sodium ; a reddish alloy with manganese ; 
and a grey ene with iron. 

1234. Brass is an alloy of copper and zinc. The metals are Brut, 
usually united by mixing granulated eopper with calamine 
(1159) and eharcoal : the mixture is exposed to heat sufficient to 
reduce the calamine and melt the alloy, which is then cast into 
plates. The relative proportions of the two metals vary in the 
different kinds of brass ; there is usually from 12 to 18 per cent. 

of zinc. Brass is very malleable and ductile when cold ; and its 
colour and little liability to rust recommend it in preference 
to copper for many purposes of the arts. According to M. 

Sage, a very beautiful brass may be made by mixing 50 grains 
of oxide of copper, 100 of calamine, 400 of black flux, and 30 of 
charcoal powder; melt these in a crucible till the blue flame is 
no longer seen round the cover; and, when cold, a button of 
brass is found at the bottom, of a golden colour, and weighing 
one-sixth more than the pure copper obtained from the above 
quantity of oxide. 

1235. The analysis of brass may be performed by solution in Aoalytii * 
nitric acid ; add considerable excess of solution of potassa and br "*- 
boil, which will dissolve the oxide of zinc and leave that of 
copper; wash the latter, and dry and heat it to redness : 125 

parts indicate 100 of copper. The zinc in the filtered alkaline 
solution may be precipitated by carbonate of soda, having pre- 
viously added a small excess of muriatic acid ; wash this pre- 
cipitate, dry it, and expose it to a red heat; it is then oxide of 
zinc, 123 parts of which indicate 100 of metal. 

1236. Tutenag is said to be an alloy of copper, zinc, and a 

little iron ; and Tombac , Dutch gold , Similar , Prince Ru - ^^ hbeck » 
pert’s metal, and Pinchbeck, are aljoys containing more copper 
than exists in the brass, and consequently made by fusing vari- 
ous proportions of copper with brass. According to Wiegleb, 
Manheim gold consists of 3 parts of copper and 1 of zinc. A 
litde tin is sometimes added, which, though it may improve the 
colour, impairs the malleability of the alloy. 

1237. Speculum metal is an alloy of copper and tin. with a _ , 

Httle arsenic ; about 6 copper, 2 tin, 1 arsenic. On this subject memi. 
the reader is referred to Mr Edwards’s experiments. — Nichol- 
son’s Journal, 4to. iii. 

1238. Bell-metal and bronze are alloys of copper and tin ; B-n-meui 
they are harder and more fusible, but less malleable than copper ; andbron «' 
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the former consists of 3 parts of copper and 1 of tin ; the latter 
of from 8 to 12 of tin with 100 of copper. A little zinc is added 
to small shrill bells. 

1239. From a recent investigation, Mr Dalton finds that into 
all the alloys of copper which are characterized by useful pro- 
perties, the ingredients enter in atomic proportions; and it ii 
probable that by attention to these proportions, the manufac- 
ture of the artificial alloys may be greatly improved. H.2.99. 

1240. The analysis of alloys of tin and copper may be per- 
formed by digestion in nitric acid, which dissolves the eopper, 
and converts the tin into insoluble peroxide, which, when 
washed and dried, consists of 100 tin +27 oxygen. The 
cupreous solution may be decomposed by potassa, and the pure 
peroxide of copper indicates the quantity of that metal, as in the 
analysis of brass. (1235) 

1241. Vessels of copper used for culinary purposes are usu- 
ally coated with tin, to prevent the food being contaminated 
with copper. Their interior surface is first cleaned, then rub- 
bed over with sal-ammoniac. The vessel is then heated, a little 
pitch or rosin spread over the surface, and a bit of tin rubbed 
over it, which instantly unites with and covers the copper. 

character) •- 1242. The cupreous salts are nearly all soluble in water, and 

»au»°o f f » a ^ ue or g 1 * * *6611 colour. Ammonia produces a compound oft 
£r. ° very deep blue, when added in excess to these solutions, hydro- 
sulphuret of ammonia forms a black precipitate ; and a plate of 
iron plunged into a liquid salt of copper precipitates metallic 
copper. 

Ferrocyanate of potassa is also an excellent test of the pretence 
of copper; it produces a brown cloud in solutions containing 
the peroxide.* (1232) 


Sbctiok XIV. Lead. 

To obtain 1?43, ^ HB natural compouods of this metal are very owner- 
pore lead. ous. The most important is the sulphuret, from which the 
pure metal is chiefly procured. Lead is also found combined 
with carbonic, sulphuric, phosphoric, arsenic, molybdie, end 
chromic acids, and with oxygen and chlorine. To obtain km 
perfectly pure, Berzelius dissolved it in nitric acid, and crys- 
tallized the salt several times, till the mother liquor, on adding 
carbonate of ammonia, gave no traces of copper. The pur* 
. nitrate of lead, mixed with charcoal, was strongly bested in » 

* The oxidation of copper plmtoa U a matter of eery great importance ia the arte, aadiotbs****J 

great and expensive works where few impressions of ao engraving are taken end the plate* ****** 

for a aoneiderable length of time, a serioM injury to the plate* is sustained by the necessity <*«*•■* 
them from oxide, When they are to be again used. This may be prevented by vaiuiiM«f 
with common lac varnish, which can easily be removed, when re^mske, by cpiiitef tmaa* 

Jour. i. 76. Boat. Jour. ii. 206. 
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Hessian crucible ; and the lead, which separated, was kept for 
some time in fusion, in order to free it entirely from charcoal. 

The lead, thus obtained, when re-dissolved in nitric acid, gave 
no trace of any other metal. 

1244. Lead appears to have been known in the earliest ages Propert'es. 
of the world. Its colour is bluish white. It melts at 600°, and 
by the united action of heat and air is readily converted into 
an oxide, its specific gravity is 11,4. At common temperatures 
it undergoes little change by mere exposure to air, but it is 
slowly corroded by the joint agency of air and water ; hence the 
danger of leaden pipes and vessels for containing water, which 
is intended to be drunk. Water appears also to act more 
readily on lead, when impregnated with the neutral salts that are 
occasionally present in spring water.* Exposed upon ignited 
charcoal to a current of oxygen gas, it burns with a blue flame, 
throwing off dense yellow fumes of oxide. The alchymists 
gave this metal the name of Saturn.- 

12-15. Oxides qf Lead . There are three oxides of lead. 

The protoxide is the basis of the salts ; it may be obtained pure °* ,de ** 
by heatinr the nitrate of l6ad to redness in a vessel with a small 
orifice, till the whole of the acid is expelled. It is insipid and 
insoluble in water, of a pale yellow colour, and, when fused, 
crystallises on cooling in irregular scales. It is volatile at a 
bright red heat. It is very soluble in solutions of potassa and 
soda; and when in fusion, it readily dissolves several of the 
earthy bodies, and of the common metallic oxides. If it be 
considered as a protoxide, consisting of one proportional of lead 
and one of oxygen, then the number 104 (deduced from the 
mean of the best analyses) will represent lead, and it will con- 
sist of 104 lead + 8 oxygen. This oxide is known in com- 
merce under the name of massicot ; or when vitrified, as Matticot 
obtained by calcining lead upon a large scale, it is called litharge . 

When melted lead is exposed for some time to the air, it 
becomes in crusted with a grey pellicle, which, on removal, is 
succeeded by another and so on until the whole is converted 
into a greenish grey powder, consisting of a mixture of the pro- 
toxide with metallic lead. 

1240. If the protoxide be exposed to heat and oxygen, it Miniom 
gradually acquires a bright red colour, and is known under the 
name of minium or deut oxide of lead. This oxide, when ex- 
posed to nitric acid, is resolved into protoxide, which is dissolv- 
®d> and into peroxide , which is an insoluble brown substance, 
consisting of 104 lead + 16 oxygen. When peroxide of lead is 
boated it gives out half its oxygen and becomes yellow pro- 
toxide. 

Minium affords, on analysis 104 lead + 12 oxygen, and 
®ay, therefore, be regarded as a definite compound of the pro- 
toxide and peroxide. 


♦©» to presence of lend in wetter, consult Dr Laxnbe’s “ Researches respecting Spring Water 
(•* 0 . Lend. Johaaoo) cad d* Guyton, SO Nicb. Jour. 10?. 
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The minium or red had of commerce generally contains i 
proportion of protoxide and of sulphate, with traces of chloride 
of lead and silica. To succeed in obtaining it of a fine red lint, 
it requires to be manufactured in quantities, and with seven! 
precautions. The method employed in Derbyshire is described 
in Watson’s Chemical Essays, Vol. iii. p. 338. 

1247. The oxides of lead are easily vitrified, and have the 
property of uniting with all the metals except gold and silver. 
Hence gold or silver may be purified by melting them with 
lead. See (1256.) 

Oils dissolve the oxide of lead, and become thick and con- 
sistent ; in which state they are used as the basis of plasters, 
cements for water-works, paints, &c. 

1248. Lead and Chlorine , — Chloride of Lead . When 30 
grains of lead reduced to fine filings, are thrown into 60 cubic 
inches of chlorine gas, moderately warmed, the metal burn 
with a clear white flame accompanied with sparks.* The com- 
bination of lead and chlorine may, however, be more easily 
effected, by precipitating the nitrate or any soluble salt of lead 
with a solution of common salt, and washing the precipitate 
with a sufficient quantity of water. H. 2. 105. 

The same substance is obtained by adding muriatic acid to 
nitrate of lead ; it is white and fusible, and on cooling forms a 
hornlike substance ( plumbum cornetim.y It volatilizes at a 
high temperature. It dissolves in 22 parts of water at 60°; is 
more soluble in boiling water, separating, as the solution cools, 
in small acicular crvstals, unchanged by exposure to air, and of 
a sweetish taste. It dissolves in dilute nitric acid. It has been 
analyzed by Berzelius, who states it to consist of 100 muriatic 
acid + 409,06 protoxide of lead, equivalent to 380,06 metallic 
lead + 129 chlorine. Dr J. Davy found it to be composed of 

Chlorine .... 25,78 .... 34,75 .... 36 
Lead 74,22 , . . 100, .... 104 


100, 140 

It is the only compound of chlorine and lead that is known 
and is constituted of 1 atom of each of its elements. H. 

1249. When two parts of the red oxide of lead are made into 
a paste with one of muriate of soda, and water added occasion- 
ally as the mixture hardens, soda is disengaged, and * subchlo- 
ride of lead is formed mixed with oxide of lead. This, on 
fusion, affords the fine yellow pigment called mineral or potent 
yellow . The disengaged soda attracts carbonic acid from the 
atmosphere, but, not enough to convert it into a carbonate. 1® 
the large way, it is found necessary to supply carbonic acid to 
the soda thus formed, by burning it with saw-dust. By this 
process a large quantity of soda was extracted from common 

• Or laminated lead may b« heated io chlorine, which will be absorbed and chloride o( 
result. B. 
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salt till cheaper methods were discovered. H. 2. 106. When 
treated by nitric acid, it forms nitrate of lead and a portion of 
chlorine separates. 

1250. Chlorate of Lead is obtained by digesting the pro- chlorate, 
toxide in chloric acid ; it separates by slow evaporation, in 
white crystalline flakes of a very sweet taste. When heated it 

gives out oxygen and becomes a chloride. 

1251. Iodide of Lead , formed by heating leaf-lead with (odide . 
iodine, is a yellow insoluble compound. It is also formed by 
adding hydriodic acid or hydriodate of potassa to solution of 
nitrate of lead. It consists of 1 atom of iodine and 1 of lead.* 

1252. Nitrate of Lead is obtained by dissolving the metal, Nitrate, 
not in excess, in dilute nitric acid, and evaporation. The salt 
crystallizes in tetraedra and octoedra, which are white translu- 
cent, and of a styptic taste* It is soluble in 8 parts of water at 
212°. It consists of 112 oxide of lead + 54 nitric acid. The 
alkalies throw down protoxide of lead from the solution of this 

salt. 

1253. Subnitrate of Lead maybe formed by boiling a mix- subo.trat*. 
ture of equal weights of nitrate and protoxide of lead in water, 
filtering while hot, and setting it by to crystallize ; it forms 
pearly crystals, of a sweet astringent taste. (Chevreuil, An- 
nate* de Chimie , lxxxii.) It consists of two proportionals 

oxide = 224, + one proportional nitric acid = 54. 

1254. Chevreuil and Berzelius have described three nitrites 
of lead, but their composition appears doubtful. (Ann. de 
Chim. lxxxii i. and lxxxviii.) A detailed account of them is 
given by Dr Thomson. — System , ii. 578. 

1255. Sulphuret of Lead may be formed artificially by SulphuwU 
fusion. Its lustre and colour much resemble pure lead, but it is u P 
brittle : it consists of 104 lead +16 sulphur. 

1256. Native Sulphuret of Lead , or Galena , is the prin- 
cipal source of the vast commercial demands of the meial. It 
occurs massive and crystallized, particularly in limestone 
rocks. Its primitive form is the cube, of which there arc 
several modifications, and among them the octoedron. It often 
contains traces of silver, and sometimes in such quantity as 
to render it worth separating, which is effected by exposing 
the roasted sulphuret to the action of heat and air in shallow 
earthen dishes ; the lead becomes oxidized and converted into 
litharge, while the silver is left pure, in consequence of its 
power of resisting the influence of heat and air. This process is 

called cupellation. The litharge is afterwards reduced by fusion cupeiutioo. 
with charcoal. t 

The reduction of galena upon a large scale is a sufficiently 
simple proeess. The pieked ore, after having been broken and 

* An insoluble IodaU of Load it thrown down on adding iodate of potassa to an j of the soluble 
•alts of lead. 

t The qoaatity of lead required for tilrer of various degrees of fineness may be Earned from a me- 
Boirof D’Arcetin the first volume of Annales de Chim. etde Phjrs. 

42 
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washed, is roasted in a reverberatory fire, the temperature being 
such as to soften but not fuse it. During this operation it is 
raked till the fumes of sulphur are dissipated, when it is brought 
into perfect fusion ; the lead sinks to the bottom, and is runout 
into oblong moulds called pigs ; the scoriae are again melted, 
and furnish a portion of less pure metal. 

The mines of Great Britain afford an annual produce of about 
48000 tons of smelted lead, of which nearly the whole is obtain* 
ed from the sulphuret. 

H yr o*ui- 1257. Hyposulphite of Lead is precipitated in the form of 
phiic. a white powder, nearly insoluble in water, by adding solution 
of nitrate of lead to hyposulphite of potassa. It is composed, 
according to Herschel, of 70,30 protoxide of lead + 29,70 
hyposulphurous acid. These numbers correspond to 1 propor- 
tional of oxide of lead = 112+2 proportionals of hyposulphur- 
ous acid = 48. 

So'phhe. 1258. Sulphite of Lead maybe obtained by digesting yellow 
oxide of lead in sulphurous acid *, or by adding sulphurous acid 
or sulphite of potassa to nitrate of lead. It is white, insoluble, 
and tasteless, and consists of one proportional of each of its 
components ; namely, 32 sulphurous acid+ 112 oxide of lead. 
When heated it loses sulphurous acid. 
s u iph»te. 1259. Sulphate of Lead . When metallic lead is boiled in 
concentrated sulphuric acid, sulphurous acid is evolved, and a 
white sulphate of lead is formed. It is so nearly insoluble, that 
it may be formed by adding dilute sulphuric acid, or an alka- 
line sulphate, to a solution of nitrate of lead. Dr Thomson 
found, that after having been dried at a temperature of 400°, it 
might be heated to redness in a platinum crucible without losing 
weight. Heated on charcoal by the blowpipe, it is decomposed 
and reduced. It consists of one proportional of sulphuric 
, acid = 40, and one proportional of oxide of lead = 112 ; and its 
representative number is therefore 152. Sulphate of lead is 
insoluble in alcohol and in nitric acid : it is sparingly soluble in 
dilute sulphuric acid, and separates from it in small prismatic 
crystals* 

The insolubility of lead in sulphuric acid occasions its being 
employed as the material for constructing the chambers in 
which that acid is prepared, and even for boiling down the 
weak acid. (529). H. 

f e«t« of ie«d. 1260. All the solutions of lead are decomposed by sulphuret- 

ted hydrogen and by alkaline hydro-sulphurets, and a hydro- 
sulphuretted oxide is thrown down. Hence these compounds 
are excellent tests of the presence of lead in wine or any other 
liquor, discovering it by a dark coloured precipitate.* Hence, 
Ei p* also, characters traced with solution of acetate of lead, become 
legible when exposed to sulphuretted hydrogen gas. The same 

* Or. sobcarbonate of ammonia, which is a very delicate teat, may be employed to precipitate tW 
lead in a state of white carbonate, which, on being washed and digested with sulphuretted bydrof*» 
water, will instantly become black. U. 


Digitized by LjOOQle 


ALLOTS OT LEAD. 


331 


property explains, too, the effect of alkaline hydro-sulphurets 
in blackening the glass bottles, in which they are kept The 
effect is owing to the action of sulphuretted hydrogen on the 
oxide of lead, which all the white glass contains. H. 2. 10.* 

1261. Phosphate of Lead is formed by mixing solutions of Ph0Bphat# . 
nitrate of lead and phosphate of soda, or phosphoric acid. It is 
yellowish white; insoluble in water; soluble in alkaline solu- 
tions, and in nitric acid. It is decomposed by sulphuric acid, . 

and by hot muriatic acid. It fuses before the blowpipe, and 
crystallizes on cooling. It consists of 112 oxide of lead + 28 
phosphoric acid = 140. t 

1262. Carbonate of Lead \ — When an alkaline carbonate is ca*o»au. 
added to nitrate of lead, a white precipitate of carbonate of lead 

falls : it is tasteless, insoluble in water, but soluble in fixed 
alkaline solutions. It is employed as a white paint, under the 
name of white lead or ceruse 9 and is usually prepared by ex- 
posing sheet lead to the action of the vapour of vinegar. The 
process is described in Aikin’s Dictionary (Art. Lead.) It 
consists of 112 oxide of lead + 22 carbonic acid =134 carbo- 
nate of lead. 

1263. Borate of Lead is precipitated in the form of a white 
powder, when borate of soda is mixed with nitrate of lead. 

1264. The soluble salts of lead have a sweetish austere taste, character* of 
and are characterized by the white precipitate produced by fer- “ lt * of 
rocyanate of potassa, the deep brown by hydrosulphuret of am- 
monia, and the yellow by hydriodate of potassa. 

1265. The salts insoluble in water are dissolved by soda and 

E otassa, and by nitric acid, when the metal is rendered manifest 
y sulphuretted hydrogen and other tests. Heated by the 
blow-pipe upon charcoal they afford a button of metal. 

1266. The Alloys of Lead with the preceding metals are not Aiioy*, 
important, if we except that which it forms with tin. Common 
pewter consists of about 80 parts of tin and 20 of lead. Equal 
parts of lead and tin constitute plumber 9 s solder ; and what is 
termed pot-metal is an alloy of lead and copper. 

1267. In analyzing these alloys, 100 grains in filings may be Analysis of. 
boiled to dryness in two ounces of nitric acid, water poured 
upon the residue, and filtered ; the peroxide of tin remains on 
the filter, and the nitrate of lead, which passes through in solu- 
tion, may be converted into sulphate by adding sulphate of soda. 

152 grains of sulphate of lead dried at a red heat, indicate 104 
of metal ; and 75 grains of washed peroxide of tin are equivalent 
to 59 grains of metallic tin. 

1268. With potassium lead forms a brittle and very fusible 
alloy ; with sodium the compound is equally brittle but less 

* Phosphors! of Load may be formed by dropping phosphorus into melted lead. It is of the colour 
of lead, and soon tarnishes. Hypophoephite of Lead hRs not been examined. Phosphite of Iao* was 
prepared by Berzelius by mixing muriate of lead with phosphite of ammooia. It is white, tasteless* 

*nd insoleble. and appears to consist of 1 proportional of oxide of lead — 112 1 proportional of phos- 

phorous acid -s 20. 

! Aon. Philos. 1. 12. 
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fusible. When exposed to air these alloys suffer decomposition 
in consequence of the oxidizement of the alkaline bases. The 
alloy of lead and manganese has not been examined. When 
lead is fused with iron, two alloys are obtained ; that at the bot- 
tom of the crucible consisting of lead with a little iron ; while 
the superficial portion is iron with a little lead (Guyton Mon- 
veau, Jinn . de Chim. lvii.) With zinc, lead forms a hard duc- 
tile alloy. 

1269. If lead be heated so as to boil and smoke, it soon dis- 
solves pieces of copper thrown into it ; the mixture, when cold, 
is brittle. The union of these two metals is remarkably slight; 
for, upon exposing the mass to a heat no greater than that in 
which lead melts, the lead almost entirely runs off by itself. 
This process is called eliquation. The coarser sorts of lead, 
which owe their brittleness and granulated texture to an admix- 
ture of copper, throw it up to the surface on being melted by a 
small heat. U. 544. 


Section XV. Jintimony . 

1270. This metal is found native in Sweden, in France, and 
in the Hartz *, but its principal ore is the sulphuret which it 
found massive and crystallized, and of which there are several 
varieties. The most common is the radiated , which isofi 
grey colour, brittle, and frequently crystallized in four and six- 
sided prisms. This ore may be decomposed, and the pure metal 
obtained from it, by the following process: Mix three parts of 
the powdered sulphuret with two of crude tartar, and throw the 
mixture by spoonfulls into a red-hot crucible ; then heat the 
mass to redness, and a button will be found at the bottom of 
the crucible, which is the metal as it commonly occurs in com- 
merce, and is nearly pure. Reduce this button to fine powder, 
and dissolve it in nitro-muriatic acid ; pour this solution into 
water, which will occasion the precipitation of a white powder, 
which is to be washed and mixed with twice its weight of tar* 
tar and exposed to a dull red heat in a crucible. The button 
now obtained is pure antimony. 

Or, two parts of the sulphuret may be fused in a covered cru- 
cible with one of iron filings, and to these when in fusion, half 
a part of nitre may be added. The sulphur quits the antimony 
and combines with the iron. H. 

1271. Antimony is of a silvery white colour, brittle, and 
crystalline in its ordinary texture. It fuses at about 800°, 
and is volatile at a high heat. Its specific gravity is 6,70 
(Hatchett, Philos. Trans. 1803.) (6,424 T.) Placed up on 
ignited charcoal, under a current of oxygen gas, antimony burnt 
with great brilliancy, throwing off its oxide in the form of a 
dense yellow smoke. 
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1272. Antimony and Oxygen . These bodies form two 
well-defined compounds, the history of which is of great impor- 
tance to the pharmaceutical chemist. 

The Protoxide of Antimony is thus obtained : To 200 parts 
of sulphuric acid add 50 parts of powdered metallic antimony. 
Boil the mixture to dryness, wash the dry mass, first in water, 
and then with a weak solution of carbonate of potassa; a white 
powder remains, which when thoroughly washed with hot 
water, is protoxide of antimony. It may also be procured 
by dissolving antimony in muriatic acid, pouring the solution 
into water, and washing the white precipitate with weak solu- 
tion of potassa. 

1273. This oxide may also be obtained by adding ammonia 
to solution of tartrate of antimony and potassa, heating the mix- 
ture and washing the precipitate in large quantities of boiling 
water. It is thus procured in the form of a heavy white pow- 
der. 

This protoxide exists in all the active antimonial prepara- 
tions; in emetic tartar, kermes, glass of antimony, golden sul- 
phuret, &c. It is fusible and volatile at a red heat : decom- 
posed by sulphur and charcoal, and when acted on by nitric 
acid, is converted into peroxide. If heated with chlorate of 
potassa it deflagrates and also becomes peroxidized ; it is very 
soluble in muriatic acid, and readily forms emetic tartar when 
boiled in solution of tartrate of potassa. 

1274. When metallic antimony in fusion is exposed to a 
bright red heat, it is converted into an oxide which appears to 
be the protoxide, and which condenses in long and delicate 
needles when sublimed. It was formerly called argentine 
flowers of antimony . 

The vapour of water, brought into contact with ignited anti- 
mony, is decomposed with so much rapidity as to produce a 
series of detonations. H. 2. 67. 

1275. Peroxide of Antimony is procured by acting for a 
considerable time upon the powdered metal, by excess of hot 
nitric acid, and exposing the product to a red heat, to expel the 
redundant acid. The diaphoretic antimony and Bezoar min- 
eral of old Pharmacopoeias, consisted of this oxide, which, com- 
pared with the protoxide, is nearly inert. 

1276. Peroxide of antimony is also formed by exposing the 
metal or the protoxide mixed with five or six parts of nitre to 
a red heat in a porcelain crucible, and washing the residue with 
hot water.* It is yellowish white, but becomes buff-coloured 
when heated, and returns to its former tint on cooling. It 
neither fuses nor volatilizes at a bright red heat, but when ex- 
posed to the flame of a spirit-lamp urged by a blow-pipe, it 
passes off slowly in white fumes, being partially reduced by the 
hydrogen of the flame. 

• Or by projecting powdered metallic antimony into red-hot nitre. H. 
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Compocitioa 1277. Thfc two oxides are composed, according to Proust, as 

•ftbeoxi^ fo , Iow?; 

The first of 100 antimony + 22, 7 oxygen. 

Fow onset The dccon ^ °f 100 antimony + 30, oxygen. 

•ra«mua£ 1278. Berzelius has described four compounds of antimony,* 
which are said to be constituted as follows : 

1 Suboxide consisting of 100 antimony + 4,65 oxygen. 

2 Oxidule 100 + 18,60 .... 

3 White oxide 100 + 27,90 .... 

4 Yellow oxide 100 + 37,20 .... 

The first, obtained by a long exposure of the metal to a 

humid atmosphere, or by making that me}al the positive con- 
ductor in a galvanic arrangement, cannot be considered as a 
definite compound. The next, is the true protoxide and may 
be obtained as already described. (1272) This oxide fuses at a 
red heat, and on cooling becomes an almost white mass resem- 
bling asbestus. It appears to be the only oxide which is capa- 
ble of acting as a true base with acids, and is that which gives 
activity to the principal medicinal preparations of antimony. 
The third, or white oxide was formed by Berzelius by the action 
of nitric acid ; or by dissolving the metal in nitro-muriatic acid, 
decomposing by water, washing the precipitate, and aiming 
it in a platinum crucible. The fourth or yellow oxidt was 
obtained by fusing antimony with nitre. (1276). 

Dr Thomson obtained it more simply by dissolving antimony 
Dr Thom. * n ni ^ c ac ^> evaporating to dryness, and exposing the product 
aM'imetfaoJ. for some hours to a heat of 500° F. A yellow powder remain- 
ed, of which 7$ parts, exposed to heat, left 7 of white deu* 
toxide ; and 100 grains by distillation gave very nearly 19 cubic 
inches of oxygen gas.t H. 2. 69. 

1279. The atomic composition of these bodies is by no means 
atomic com. satisfactorily established. Proust, J Berzelius, § and Dr Thom- 
son have given different views regarding it; that, however fur- 
otiobiiohcd. n | s hed by the last mentioned chemist is more consistent, Dr 
Henry thinks, with the general law of chemical combination 
and would give 44 as the equivalent number for antimony. 
Till its composition is decided we may, he conceives, assume 
that number and consider the protoxide as constituted of one 
atom of metal and one of oxygen (44 + 8) = 52 ; the deutoxide 
of one and one half (44 + 12) = 56, and the peroxide of one 
and two (44 + 16) = 60. We have here, however, with regard 
to the deutoxide, the anomaly of the multiple of the oxygen of 
the first oxide being 1£ instead of an entire number.|| 

AntimoBioos 1280. The deutoxide and peroxide of antimony ought strict- 
ly, indeed, to be arranged among acids, rather than among 

* Ann. de Claim. lxriii. 386. f First Principles, ii. 41- 

$ Jonr. de Phys. ir. $ Ann. de Chim. 

H Dr John Darjr'i researcher on the composition of the chlorides, (Phil XVen*« W*’)*'** 
number 48,6 as the representative of antimony ; and this nearly agrees with Mr Brands’* eip***^ 
opoa the composition of the protoxide, (obtained by precipitation from emetic tartar), 
and which ha has adopted. 
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oxides; for each of them combines with salifiable bases, and 
affords a class of salts. The first has been called the antimo - 
nious acid, and its compounds antimonites ; the second the 
antimonic acid, and the salts which it composes antimoniates* 

H. 2. 70. The acid properties of peroxide of antimony were Be „ elHli , g 
long since remarked by Thenard, {Ann. de Chim. xxxviii. and proceat. 
xli.) and the subject has lately been investigated by Berzelius, 
who obtained it by exposing a mixture of one part of powdered 
antimony and six of nitre to a red heat in a silver crucible for 
an hour. After washing off the soluble matters by cold water, 
and digesting the white powder which remains, in muriatic acid, 
washing and drying it at a red heat, it is pure antimonic acid , 
and consists of antimony 100, oxygen 37,2. 

1281. Antimony and Chlorine combine in one proportion ChlofWt# 
only to produce the chloride of antimony . The powdered 

metal takes lire when thrown into the gas, and a compound, at 
first liquid, but afterwards concreting, is formed. It may also 
be produced by the distillation of one part of powdered antimony 
with two and a half of bi-chloride of mercury (corrosive subli- 
mate;) or by dissolving the protoxide of antimony in muriatic 
acid, and evaporating to dryness. The pure chloride is a soft 
solid at common temperatures, but becomes liquid by a gentle 
heat, and crystallizes as it cools. It is the butter of antimony 
of old writers. It deliquesces by exposure to air; and is a 
powerful caustic. When water is added to the chloride of anti- 
mony, a mutual decomposition ensues and hydrated protoxide 
of antimony, formerly called AlgarottVs powder , or mercurius 
vitae , and muriatic acid result. 

The chloride of antimony probably consists of one atom of 
each constituent. t 

1282. Nitric acid acts powerfully on metallic antimony, and Action®; 
if mixed with it in fine powder, will sometimes cause its nUric * ci4 » 
inflammation. The metal becomes peroxidized, and scarcely an 
appreciable portion is retained in solution. As in some other 

cases of the vehement decomposition of nitric acid, ammonia is 
produced, (47 2 ) which may be rendered sensible by pouring 
potassa on the white magma that results. 

Protoxide of antimony, digested in dilute nitric acid, pro- 
duces a difficultly soluble salt, which separates in white scaly 
crystals, and which appears to be a nitrate of antimony. 

1283. Nitro-muriatic acid readily dissolves antimony, and — •*»»*•- 
forms an orange-coloured solution, which is decomposed by the * c * 
addition of water. Iron or zinc immersed in this solution throws 

down a black powder, which, according to Thenard, is pyro- 
phoric. 

1284. Sulphuret of Antimony is easily formed by fusing Sdphlir#t< 
the metal with sulphur. This artificial sulphuret, exactly re- 


* Beixeliu fats called them ttibiout and ttibic acid*, from the Latin itibium. 
t Wide of Antimony u of a dark red colour ; acted upon by water, it produces hydriodic acid and 
•tide of antimony. 
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sembles the native compound which last may be employed on 
account of its cheapness, for exhibiting the properties of 
aulphuret of antimony. The proportions of its ingredients, 
as stated by Berzelius, differ from those assigned by Proust, 
viz. 

Antimony . . 72,86 .... 100, .... 270 
Sulphur. . . . 27,14 .... 37,25 .... 100 


100 

Dr Thomson makes it to consist of 771 metal + 26| sulphur, 
or of 100 metal + 34,4 sulphur. To be double the oxygen of 
the protoxide, the sulphur ought to be 36,4 to 100 of the metal. 
H. 2. 72. 

1285. When the native sulphuret ( crude antimony ) is ex- 
posed under a muffle to a dull red heat, it gradually loses sul- 
phur and absorbs oxygen, being converted into a grey powder, 
which consists of a mixture of protoxide of antimony and sul- 
phuret. If the heat be increased, this fuses into a transparent 

451 ... of substance of a yellow or brown colour, formerly called glass of 
«atiaoojr. antimony . Its composition is variable ; it generally contains 

about 85 per cent . of protoxide and 15 of sulphuret. In that 
which is imported for pharmaceutical purposes, from Germany 
and Holland, there is usually a portion of siliceous earth, and it 
is sometimes adulterated with the oxide of lead. This fraud is 
easily detected by digesting the finely powdered glass in hot 
nitric acid, diluting the solution and filtering. The filtered 
liquor gives a white precipitate on the addition of sulphate of 
soda if lead were present. 

During the formation of glass of antimony, if the heat be 
raised too high the greater part of the protoxide sublimes in 
slender crystalline needles ; while another portion, if air be not 
excluded, passes into the state of peroxide, and undergoes no 
change at a very high temperature. 

1286. Eight parts of oxide and two of sulphuret give an 
opaque compound, of a red colour inclining to yellow; and 
called crocus metallorum . With eight parts of oxide and four 
of sulphur, we obtain an opaque mass of a dark red colour, 
called liver of antimony . In these compounds the oxide is at 
its minimum of oxidation ; for the peroxide is incapable of dis- 
solving the sulphuret.* H. 

1287. Hydrosulphuretted Oxide of Antimony- — This com- 

xerme. pound has long been known under the name of kermes mineral; 

mnerai. j g common ]y prepared as follows : Equal parts of sulphuret of 

antimony and common potash are fused together ; the resulting 
mass is finely powdered and boiled in ten times its weight of 
water. The liquor is filtered while hot; and, during cooling, 
it deposits kermes. The mother liquor of kermes deposits a 

* Sulphate of Antimony . — When sulphuric acid is boiled upon finely-powdered antimony, the B<ul 
is oxidixed, and an acid tulphate and ta b sulphate of antimony are the results • !■ both these mlt* 
metal is in the state of protoxide. 
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copious yellowish red precipitate upon the addition of dilute 
sulphuric acid, which, when washed and dried, is known under 
the name of golden sulphur of antimony. In the U. S. 
Pharmacopoeia it is called antimonii sulphuretum prcecipi- 
tatum. 

In forming these compounds, the following changes seem to 
hare taken place. The sulphuret of antimony and potassa act 
upon the water, a portion of which is decomposed ; hydrogen 
is transferred to the alkaline sulphuret, to form hydrosulphuret 
of potassa; hydrogen and oxygen unite to the sulphuret of 
antimony, producing a hydrosulphuretted oxide of that metal 
(kermes) f which remains dissolved in the hot alkaline hydro- 
sulphuret, and of which one portion is precipitated as that solu- 
tion cools. When dilute sulphuric acid is added, the hydrosul- 
phuret of potassa is decomposed, sulphate of potassa is formed, 
and sulphur and sulphuretted hydrogen are liberated ; the sul- 
phur falls in combination with the kermes 9 producing the golden 
sulphury or sulphuretted hydrosulphuret. 

1288. When the sulphuret of antimony is detonated with 
twice its weight, or upwards, of powdered, nitre, the sulphur is 
oxygenated by the oxygen of the nitric acid; sulphate of potassa 
is formed, and an oxide of antimony is obtained, varying in its 
degree of oxidation, with the proportion of nitre which has 
been employed. The oxide remains, after washing away the 
sulphate with boiling water. If four times its weight of nitre 
be employed, the metal gains 32 per cent, of oxygen ; acquires 
the characters of an acid; and forms, with potassa, a crystalliza- 
ble compound, or antimoniate. H. 2. 73. 

1289. Antimoniate of Potassa dissolves in hot water, and 
this solution produces precipitates of insoluble antimoniates in 
several other metallic solutions. 

1290. Antimoniate of Ammonia is formed by digesting the 
acid in ammonia. On evaporation a super antimoniate of am- 
monia is obtained in the form of a white powder.* 

1291. Phosphuret of Antimony is formed by heating to- 
gether equal parts of oxide of Antimony, phosphoric acid, and 
charcoal. It is white and brittle. 

1292. Phosphate of Antimony has not been formed : in the 
U. S. Pharmacopoeia there is a preparation called pulvis anti- 
monialisy formed by heating one part of sulphuret of antimony 
with two of hartshorn shavings. The action of heat upon the 
sulphuret has already been described. (1288.) Its effect upon 
the hartshorn shavings is to destroy the animal matter, leaving 
little else than phosphate of lime. So that the pulvis anti - 
moniatis consists essentially of protoxide of antimony, mixed 
with phosphate of lime. This preparation is usually considered 
analogous to, if not identical with, James’s Powdery which, 

* Oar knowledge of the composition and properties of the oxide* of antimony, and of most of tbcir 
Mwbiaatiooa, b ftill extremely imperfect, and the whole • object require* further investigation before 
the anomalies that now present themselves can be cleared up. B. 

43 
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according to Dr Pearson’s analysis (Phil. Trans. 1701), con- 
sists of 43 phosphate of lime, and 57 oxide of antimony. 4 

1293. " In examining Antimonial Powder from various sources, 
prepared according to the directions of the Pharmacopeia, 
Mr Brande has found it of very variable composition : some- 
times it contains peroxide of antimony only ; sometimes there 
is a proportion of protoxide, and in some few cases the powder 
has consisted chiefly of bone-earth. These differences are re- 
ferable to the mode of preparing it, but in almost every case, 
a very large proportion of the protoxide is lost during the pro- 
cess, and he found it a matter of great difficulty so to conduct it 
as to obtain, upon the large scale, an uniform product. For 
medical use he considers emetic tartar as the only certain and 
necessary preparation of ‘antimony ; if, however, a compound of 
the nature of the Antimonial powder be requisite, one of the 
best modes of preparing it would be to dissolve certain propor- 
tions of protoxide of antimony and phosphate of lime in muriatic 
acid, precipitate by ammonia, and edulcorate with a large quan- 
tity of water. Mr Chenevix advises for this purpose equal parts 
of the oxide and phosphate, but such proportion of antimony is 
too great : Mr Brande has made a useful Antimonial Powder 
by dissolving 200 grains of bone-earth and 100 of protoxide of 
antimony in a measured ounce and a half of muriatic acid, and 
pouring the solution into a weak solution of ammonia ; the pre- 
cipitate, when washed, dried, and reduced to a fine powder, 
weighed 280 grains. 

1294. The following method furnishes, in the dry way,« 
tolerably uniform Antimonial Powder: Burn two pounds of 
hartshorn to a cinder, reduce it to powder, and heat it to a dull 
redness in an iron pot : then gradually stir into it one pound of 
powdered sulphuret of antimony, added in successive portions, 
and continue the same heat as long as fumes arise ; when these 
cease the mixture will have a dirty grey colour, and during the 
operation small crystals of protoxide of antimony will be 4een 
to collect upon its surface when a portion is taken out in an 
iron spoon. In this grey state it should be put into a crucible 
and heated to intense redness ; a phosphorescent light of a 
greenish tint is soon perceived, and when this ceases the crucible 
may be removed from the fire, and its contents when cold re- 
duced to a fine powder, which should be perfectly white. 

1295. The solutions of antimony afford orange-coloured pre- 
cipitates with sulphuretted hydrogen, and those which are acid 
are precipitated when largely diluted with water. 

1296. Antimony forms brittle alloys with the malleable 
metals. When gold was alloyed with T ^ its weight of anti- 
mony, the compound was perfectly brittle ; and even the fumes 

• Different formula: have been given for imitating James’* Ponder, the real recipe bmrinf &e« 
studiously concealed and a false one published in its stead ; that of Dr Pearson furnishes a mere nur- 
ture of oxide of antimony with, phosphate of lima. Dr Ure has given a copy of the original speeifc* 
lion lodged in Chancery. See Urt't Dictionary , p. 175. 
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of antimony in the vicinity of melted gold are sufficient to de- 
stroy its ductility, (Hatchett, Phil. Trans. 1803.) With 
potassium and sodium it forms white, brittle compounds, de- 
structible by the action of air and water. 

Its alloys with manganese and with zinc have not been ex- 
amined. 

Alloyed with lead in the proportion of 1 to 16, and a small Metd 
addition of copper, antimony forms the alloy used for printers * rpc 
types. With lead only, a white and rather brittle compound is 
formed, used for the plates upon which music is engraved. 

With iron it forms a hard whitish alloy, formerly called martial 
rtgulus, which may be obtained by fusing two parts of sulphuret 

'antimony with one of iron filings; a scoria consisting chiefly 
of sulphuret of iron is formed, and the fused alloy beneath usu- 
ally presents a stellated appearance in consequence of its crys- 
tallization. This star was much admired by the alchymists, 
who considered it a mysterious guide to transmutation* With 
tin antimony constitutes a kind of pewter, a term however which 
has also been applied to some other alloys, especially that of 
lead and tin. (1266.) The finest pewter consists of about 12 
parts of tin and 1 of antimony, with a small addition of copper. 

A good white metal, used for teapots, is composed of 100 tin, 

8 antimony, 2 bismuth, and 2 copper. 

1897. The analysis of an alloy of tin, lead, copper, and anti- An*j y »i. of 
mony, may be thus performed : introduce 100 grains into a umony, *c. 
matrass with a wide mouth, and pour upon it one ounce of 
water and two of nitric acid ; digest and evaporate to dryness. 

The dry mass will consist of the nitrates of lead and copper, 
which are soluble, and may be taken up by two ounces of hot 
water, and of the peroxides of tin and antimony, which are 
insoluble, and remain upon the filter. 

To the solution of the nitrates add sulphate of soda, which 
throws down sulphate of lead, and which is to be collected in a 
filter, washed, dried at a red heat, and weighed. (1259.) The 
filtered liquor may be evaporated to about two ounces in bulk, 
and having rendered it slightly acid by dilute sulphuric acid, 
immerse in it a plate of iron, which will throw down metallic 
copper, to be purified if requisite (1259), dried, and weighed. 

The separation of*the peroxides of tin and antimony is attend- 
ed with many difficulties ; it may be imperfectly effected by 
solution in nitro-muriatic acid, and subsequent dilution with a 
large quantity of water, which throws down the antimonial 
oxide, not however pure, but with a portion of peroxide of tin : 
the latter, retaining a little peroxide of antimony, may be pro- 
cured by evaporation and exposure of the residue to a dull red 
heat in a porcelain cup. 

1298. In analyzing compounds of tin and antimony, it is 
necessary first tff make an alloy, in which the antimony shall 
not exceed the proportion of T ' 7 th part, for then concentrated 
muriatic acid, by digestion with this alloy, dissolves the tin, and 
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leaves the antimony untouched ; but if more than ¥ Vth part 
of antimony enters into the combination, the tin acquires the 
insolubility of that metal in muriatic acid. H. 2. 74. 


Section XVI. Bismuth . 

1299. This metal is found native; combined with oxygen; 
and with arsenic and sulphur. Native Bismuth occurs crys- 
tallized in octoedra and cubes, and in addition to arsenic gene- 
rally contains cobalt. 

1300. Bismuth may be obtained in regular crystals, by fusing 
a quantity of it in a crucible, and allowing it to cool till a crust 
is formed on the surface, the extremity of the crucible may then 
be broken off and the fluid metal beneath be allowed to escape. 
The under surface of the crust will be found beautifully crys- 
tallized. 

1301. Bismuth has a reddish white colour, and is composed 
of broad brilliant plates adhering to each other. Its specific 
gravity is 9,822, but is increased by hammering. It breaks, 
however, under the hammer, and hence cannot be considered as 
malleable ; nor can it be drawn out into wire. The bismuth 
of commerce is not quite pure. To purify it. Dr Thomson dis- 
solved it in nitric acid, decomposed the nitrate by water, edul- 
corated the oxide, and reduced it to a metallic state by heating 
it in a covered crucible with black flux.* 

1302. Bismuth is one of the most fusible metals, melting at 
476° Fahrenheit; and it forms, more readily than most other 
metals, distinct crystals by slow cooling. 

1303. When bismuth is exposed to heat and air it oxidizes, 
forming a fusible white oxide. If the heat be increased by 
directing a current of oxygen upon the metal, it burns with 
much brilliancy, and produces an abundant yellow smoke, which 
condenses in the form of a yellowish white sublimate. When 
in fusion this oxide acts upon other oxides much in the same 
way as oxide of lead. — It is the only oxide of bismuth with 
which we are acquainted ; and consists, according to the experi- 
ments of Lagerhjelm, of 


Bismuth 89,863 100 .... 71 

Oxygen 10,137 11,28 .... 8 


100 79 

From this result, which makes the equivalent number of 
bismuth 71, t and that of the oxide 794 Dr Thomson’s estimate, 
founded on his own experiments, does not materially differ. 
This oxide occurs, though very rarely, native : it has been 
found in Cornwall and Saxony. H. 

*(Aaa.of PtuUN.S.U. 122.) f 7*T. (SOT. 
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1304. Chloride of Bismuth , is procured by heating the chloride, 
metal in the gas, or by evaporating the muriate to dryness and 
submitting the residue to distillation, when the chloride sublimes, 

and afterwards deliquesces into what was called butter of bis- 
muth. A similar product is obtained by introducing finely 
divided bismuth into chlorine gas, when the metal takes fire and ^ 
burns with a pale blue light. This compound is the only 
known chloride of bismuth. 

1305. It was analyzed by Dr Davy, and found to contain 

Bismuth 66.4 100 

Chlorine 33.6 50.6 


100 . 

From this analysis, the equivalent of bismuth, also, appears 
to be 71, agreeing with the number derived from the oxide. H. 

1306. Iodide of Bismuth , obtained by heating iodine with the lodi 4* 
metal, is of an orange-colour, and insoluble in water. When 
hydriodic acid or hydriodate of potassa is added to nitrate of 
bismuth, a precipitate falls of a deep chocolate-brown colour, 
insoluble in water but soluble in liquid potassa.* 

1307. Nitrate of Bismuth . — Nitric acid dissolves bismuth ir»trat«. 
with great rapidity. To one part and a half of nitric acid, add, 

at distant intervals, one of bismuth, broken into small pieces. 

The solution is crystallizable in small four-sided prisms. 

1308. The Nitrate of Bismuth consists of 1 proportion of 
oxide + 1 of acid. 

1309. Nitrate of Bismuth is decomposed by water, and the 
oxide of bismuth is thrown down in the form of a fine white 
powder, called magistcry of bismuth , pearl white , or blanc 
defard. In this state it has been used in medicine as a tonic.t 
— Quarterly Journal , viii. 295. 

1310. If characters be written on paper with nitrate of bis-z Kp . 
moth they are invisible when dry, but become white and legible 

on immersion in water, thus forming a white sympathetic ink. 

The same characters are rendered brown or black by solution 
of sulphuretted hydrogen. 

1311. Sulphuret of Bismuth. — Bismuth combines with sul- suphanu 
phur, and forms a bluish grey sulphuret, having a metallic lustre, 
which is, also, found native. Lagerhjelm has analyzed it, and 
found it to consist of 

Bismuth .... 81.619 .... 100 . . . • 71 
Sulphur .... 18.381 .... 22.52 . . 16 


100. 87J H. 2. 86. 

* SoimU ifBismvtk is thrown down upon adding Iodate of Potassa to Nitrate of Bismuth, 
t U a small portion of muriatic acid be mixed with the nitric, and the precipitated ofcide be washed 
vilh bat a small quantity of cold water, it will appear in minutr scales, constituting the ,wW powder 
•f perfumer*. Those paints are liable to be turned black by sulphuretted hydrogen. 

t The compound analysed by Vanquelin appears to hare been a bi->ulpkurtU—JlnfvUt$ duMutevm. 
Tsm.iT, 
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1312. Native Sulphuret qf Bismuth has been found in 
Cornwall, Bohemia, Saxony and Sweden. It occurs massive 
and acicular, its lustre is metallic, and its colour bluish grey. 
It is a very rare mineral. 

1313. Sulphate of Bismuth. — Sulphuric acid acts whenbot 
and concentrated on bismuth, and sulphurous acid is disengaged. 
A part of the bismuth is dissolved; and the remainder is chang- 
ed into an insoluble oxide. It consists of one proportional oxide 
and one acid. It is a white compound, insoluble in, but de- 
composed by water, which converts it into a subsulphatt and 
supersulphate. The subsulphate described by Berzelius con- 
sists of three proportionals of oxide and 1 acid. 

1314. Hydrosulphuretted Oxide of Bismuth is of a deep 
brown approaching to black. It is thrown down from nitrate of 
bismuth by sulphuretted hydrogen. 

1315. Bismuth forms alloys , some of which are remarkable 
for their fusibility. With gold, platinum, and silver, it forms 
brittle compounds. A compound of eight parts of bismuth, fire 
of lead, and three of tin, liquefies at 2l2°; it is called Sir I. 
Newton’s fusible metal. The addition of one part of quicksil- 
ver renders it yet more fusible. Bismuth enters into the oomjjb- 
sition of soft solders . These alloys are mostly white, brittle, 
and easily oxydated. f 

Bismuth has the singular property of depriving gold of its 
ductility ; even when combined with it in very minute propor- 
tion. This effect is produced by merely keeping gold in fusion 
near melted Bismuth. It has, nevertheless, been employed by 
Chaudet in cupellation. (jtnn. de Chim. et Phys. viii. 113.) 
H. 2. 87. 


Section XVII. Cobalt. 

1316. The native combinations of cobalt are the oxide, and 
compounds of the metal with iron, nickel, arsenic, and sulphur. 
It is also found combined with arsenic acid. In the white and 
grey cobalt ores, the metal is combined with iron, and with 
arsenic : Some of the varieties are crystallized in cubes, octoe- 
drons and dodecaedrons. The red ore is an arseniate. The 
finest specimens are the produce of Saxony. 

1317. To obtain pure cobalt, the cobalt of commerce, in fine 
powder, may be calcined with four parts of nitre, and washed in 
hot water, by which arsenic is separated : then digest in dilute 
nitric acid, and immerse a plate of iron, which will separate the 
copper; filter and evaporate to dryness; digest the dry 

in liquid ammonia and filter, expel the excess of ammonia 
from the filtered liquor by heat, taking care not to produce 
a precipitate, and then add solution of potassa, which throw* 
down oxide of nickel ; filter immediately, and boil, which wi 
occasion Jhe separation of oxide of cobalt, and which, ignites 
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with charcoal, furnishes the pure metal. In this process the 
first calcination with nitre often requires two or three repetitions 
in order to get rid of the whole of the arsenic, which adheres to 
cobalt with much obstinacy. 

1318. Cobalt has a greyish white colour, inclining to pink ; 

its specific gravity is 8 ; it is brittle and easily reduced to pow- Property*, 
der, but is very difficultly fusible. When slowly cooled after 
fusion it may be obtained in irregular prisms. It is magnetic 
and was found by Wenzel to be convertible into a magnet, hav- 
ing all the properties of the magnetic needle. 

1319. By exposure to the atmosphere cobalt is tarnished, but 
not oxidized to any extent In an intense heat it burns with a 

red flame; but, if pure, jt is not easily oxidized by a moderate Protoxid* 
temperature. Its oxide, formed by long exposure to a strong 
heat with access of air, is of a deep blue, approaching to black. 

This, from the experiments of Thenard, appears to be the pro- 
toxide , which may be obtained, also, by precipitating the nitrate 
of cobalt with potassa. The precipitate, which at first is a 
bright blue hydrate, becomes when dry of so dark a blue as to 
appear black. It dissolves readily in muriatic acid, giving a 
solution which is green when concentrated, and red when dilut- 
ed. Its solutions in sulphuric and nitric acids are always red. 

H. 2. 79. 


1320. By exposure to heat and air the protoxide absorbs an 
additional portion of oxygen and is converted into black perox- 
ide. AH the salts of cobalt contain the protoxide. 

1321. The black or peroxide , heated for half an hour at the 
bottom of a crucible, loses a part of its oxygen, and is reduced p groxi a 6 . 
to the state of protoxide. The protoxide is composed, 


Metal. Oxygen. Metal. Oiygen. 

According to Proust, of 83,5 . . . 16,5 . . . 100 . . . 19,8 

Rothoff, 79,56 . . . 21,44 . . . 100 . . . 27,'3 

Thomson, 100 . . . 28,5 

* Brande, 100 . . . 24,7 


And peroxide of cobalt consists, 

Metal. 

to Proust, of 75 . . 
— Rothoff, . 71 . . 


Oxyge*. 

. 25 . 
. 29 . 


Metal. 
100 . 
100 . 


Oxygen. 

33,25 

40,85 


Rothoff ascertained that 100 parts of peroxide of cobalt, 
exposed to fc strong heat, lose from 9,5 to 9,9.* Taking the 
mean 9,7, we have 100 of the peroxide composed of 9,7 oxygen 
+ 90,9 protokide, the oxygen in which, according to the same 
authority, is 19,3. Therefore 9,7 + 19,3 = 29, is the oxygen 
in 100 of the peroxide ; or 100 of the metal condense 40,85 
oxygen. Hence the peroxide contains times as much oxy- 
gen as the protoxide. Assuming then the protoxide to consist 
of 1 atom metal + 1 atom of oxygen, the equivalent' number for 
cobalt will be very nearly 30 ; for the protoxide 38 ; and for 
the perolide 42. The anomaly of the fractional atom in the 


t 


* Ann. Phil. ill. 35(5. 
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peroxide, may be got over by doubling the atom of cobalt, and 
considering the protoxide as 1 metal + 2 oxygen and the perox- 
ide as 1 metal + 3 oxygen ; but in that case the true protoxide, 
consisting of an atom of each element, must be supposed to be 
unknown. The subject indeed, appears to require further elu- 
chloride. cidation from experiment. H. 2. 80. 

1322. Cobalt burns when heated in chlorine; and forms chlo- 
ride of cohalt . When muriate of cobalt is evaporated to dry- 
ness, and the residuum heated to redness out of the contact of 
air, a substance of a blue colour and micaceous texture is ob- 
tained, which is a pure chloride of cobalt. It dissolves perfectly 
in water, forming a pink solution. — Mr Brande from the analy- 
sis of the chloride infers that 100 of chlorine unite with 91,1 of 
cobalt ; but this would give for the equivalent of that metal a 
higher number (32,54) than the number deducible from the 

Variate. composition of the oxide. H. 

1323. Muriate of Cobalt is a deliquescent salt, of a blue 
green colour; it may be formed by digesting either oxide in 
muriatic acid; if the peroxide be used, chlorine is evolved, and 
it passes to the state of protoxide. When a little diluted, this 
solution becomes pink ; the pale pink solution, when written 
with, is scarcely visible; but if gently heated, the writing 
appears brilliant and green, which soon vanishes as the paper 
cools, in consequence of the salt absorbing the aerial ftioisture. 

Sympathetic solution has been termed HelloVs sympathetic ink. It 

may be prepared as follows. One part of cobalt, or, still better, 
ofzaffre, may be digested in a sand heat, for some hours, with four 
parts of nitric acid. To the solution, add one part of muriateof 
soda; and dilute with four parts of water. Characters written 
with this solution are illegible when cold ; but when a gentle heat 
is applied, they assume a beautiful blue or green colour. This 
experiment is rendered more amusing by drawing the trunk 
and branches of a tree in. the ordinary manner ; and tracing the 
leaves with a solution of cobalt. The tree appears leafless, till 
the paper is heated, when it suddenly becomes covered with 
beautiful foliage. H. The addition of a little nitrate of copper 
to the solution forms a sympathetic ink, which by heat gives a 
rich greenish yellow colour. When a small quantity of muriate 
of soda, of magnesia, or of lime is added to the ink, its traces 
disappear very speedily on removal from the fire, showing that 
the vivid green, blue or yellow colour is owing to the concen- 
tration of the saline traces by heat, and their disappearance, to 
Nitrate. the re-absorption of moisture. U. 346.* 

1324. With nitric acid the oxide of cobalt furnishes a red 
deliquescent nitrate of cobalt . The crystals of nitrate of cobill, 

% are small prisms of a red colour. They are deliquescent in the 

air and decomposable by heat, leaving a deep red powder. 
When thrown into a flask full of liquid potassa, they are imme- 

* Jodid t and Todait of Cobalt remain uor xatnined. No precipitate U produced in muriate of cobalt 
either by hy driodtc acid or bydriodaie of poteaaa. 
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diately decomposed. A blue precipitate is formed, which, if 
the flask be immediately closed, passes to violet, and after- 
wards to red, by becoming the hydrate, or hydrated oxide of 
cobalt. This compound is soluble in cold carbonate of potassa 
and tinges it red. The oxide is not soluble in this liquid. The 
hydrate loses from 20 to 21 per cent, of water by heat, and is 
reduced to protoxide. Solutions of cobalt are precipitated by 
carbonated alkalies, at first of a peach-flower colour, and after- 
wards of a lilac hue. H. 2. 81. 

1325. Ammonia digested upon recently precipitated protoxide 
of cobalt slowly dissolves it, and forms a pale pink solution, 
which becomes deeper coloured by exposure to air, in conse- 
quence of the metal passing to the state of peroxide. The ammo- 
niacal solution of the peroxide forms acicular crystals of a beau- 
tiful pink colour.* 

1326. Sulphate of Cobalt . — Sulphuric acid does not attack 
cobalt unless when concentrated and heated ; nor does it readily 
dissolve the oxide. They may, however, be brought to combine 
by dissolving the newly precipitated protoxide in sulphuric acid 
diluted with its bulk of water. Small red prismatic crystals 
are obtained composed of one proportional of oxide, one of acid 
and seven of water.t 

When dried at a temperature of 500°, the crystals fall into a 
blue powder, which in a bright heat fuses and gives out sul- 
phuric acid leaving a black oxide. The blue powder is the 
anhydrous sulphate of cobalt y perfectly soluble in water, and 
forming a pink solution ; it is slightly deliquescent, and becomes 
lilac coloured by exposure to air. 

1327. Sulphate of cobalt forms triple compounds with potassa 
and with ammonia, which have not been examined. If it con- 
tain nickel, the crystals are of a greenish tinge, but pink when 
the cobalt is pure.J 

1328. Phosphate of Cobalt may be formed by decomposing 
the nitrate of cobalt with phosphate of soda; it is insoluble, of a 
lilac colour, and if mixed with eight parts of gelatinous alumina 
and heated, it produces a beautiful blue, which may sometimes 
be employed by painters as a substitute for ultramarine. (For a 
full description of the process see Thenard, Trait i de Chim. Ed. 
4, vol. 3d, p. 146.) This salt was obtained by Dr Thomson by 
dissolving carbonate of cobalt in phosphoric acid and mixing the 
solution with alcohol. A copious precipitate falls, which was 
collected on a filter, edulcorated, first with alcohol and then 
with water. It was gelatinous and had a fine crimson colour. 
When dried, it concreted into a hard dark red matter, which 

* Ipkartt of Cobalt is formed by heating the oxide with sulphur. It is yellowish white. 

tSoh buric acid 54,08 100 

Protoxide of Cobalt 45,9* 85 

100. Thomson . 

I Hfdrorulpkuret ltd Oxide oj Cobalt is precipitated from the muriate by hydrosolpburet of ararno- 
***’ of a black colour. Pkotphuret of Cobalt ii a whits brittle compound. 

44 
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Uses. 
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Smalt* 


reddened vegetable blues.* Dr Thomson considers it as com- 
posed of 1 atom phosphoric acid, 1 protoxide of cobalt and 2 of 
water. 

1329. Carbonate of Cobalt is formed by decomposing the 
nitrate, muriate, or sulphate of cobalt by carbonate of potassa, 
or soda; a reddish blue powder is precipitated which should be 
washed thoroughly with water. When dry, it is a light pow- 
der having a light pink colour. It is tasteless, insoluble in water, 
and not altered by exposure to the air. It does not alter vege- 
table blues, but dissolves in acids with effervescence. It consists 
of 1 atom carbonic acid, 1 protoxide of cobalt and 1 water. T. 

1330. Ferrocyanate of potassa forma a grass green precipitate 
in solutions of cobalt. 

'1331. Solution of borax produces a pink precipitate in solu- 
tion of muriate of cobalt,* which is probably a borate of cobalt. 

1332. The salts of cobalt all contain the protoxide ; they are 
decomposed by ammonia, which, if added in excess, re-dissolves 
the oxide : phosphoric, carbonic, arsenic, and oxalic acids, pro- 
duce, by double decomposition, insoluble red or lilac precipi- 
tates in these solutions. 

1333. The alloys of cobalt are unimportant. 

1334. The chief use of cobalt is as a colouring material for 
porcelain, earthenware, and glass; it is principally imported 
from Germany in the state of zaffre y and smalt , or azure . 

The colouring power of oxide of cobalt on vitrifiable mixtures, 
is greater perhaps, than that of any other metal. One grain 
gives a full blue to 240 grains of glass. U. 

Zaffire is prepared by calcining the ores of cobalt, by which 
sulphur and arsenic are volatilized, and an impure oxide 
of cobalt remains, which is mixed with about twice its weight 
of finely powdered flints. 

Smalt and azure blue are made by fusing zafire with glass; 
or by calcining a mixture of equal parts of roasted cobalt ore, 
common potash, and ground flints. In this way a blue glass is 
formed, which, while hot, is dropped into water, and afterwards 
reduced to a very fine powder. 


Section XVIII. Uranium • 

1335. 'This metal was discovered by Klaproth, in 1789, in a 
mineral called pitchblende , which contains uranium combined 
with sulphur, and according to Arfwedson, arsenic, cobalt, and 
zinc.t From this ore uranium may be obtained by the follow- 
ing process : reduce it to powder, and expose it to heat in a 
rtuiriag'tbt muffle ; then digest in dilute nitro-muriatic acid, and precipi- 
nct ^ tate by excess of ammonia, to retain oxide of copper ; collect 
and wash the precipitate, and dry it at a heat approaching red- 
ness. 


Dueorerr. 


Process for 


* T. First Principles, ii. 314. 


| Mem. Acad Sci. of Stockholm. 1823 
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When exposed to a violent heat with a small quantity of 
eharcoal powder, metallic uranium is obtained. 

M. Arfwedson has succeeded in reducing the protoxide of 
uranium to a metallic state, bypassing a current or dry hydro- 
gen gas over it while hot. Tne metal thus obtained was in 
crystals having nearly the form of regular octoedrons, with a 
strong metallic lustre, and a reddish brown colour. 

Its specific gravity has not been ascertained with precision. 

Bucholz states it as = 9,0. — Gehlen’s Journal , iv. 

1336. Uranium may be exposed to the air in ordinary tem- 
peratures without alteration, but when heated it undergoes a 
kind of combustion, and is converted into a black oxide. 

1337. There appear to be two oxides of uranium, the yellow to**, 
one, which retains its colour when heated alone, and becomes the 
black oxide, when heated with a little oil. The first, or perox- 
ide, according to Bucholz, consists of 80 metal + 20 oxygen, ' 

but the composition of the black oxide is not yet determined. 
According to the experiments of Schoubert,* the composi- 
tion of the protoxide of uranium, deduced fro m the analysis of 
the muriate, is 100 metal -|- 6, 373 oxygen ; and the multiple 
of the oxygen in the peroxide, being, according to the same 
authority 1 J, we have 100 metal + 9,569 oxygen for the com- 
position of the peroxide. This would make the weight of the 
atom of uranium 125, of the protoxide 133, and of the peroxide 
137. But from a series of ’experiments which are described in 
the Jour, of the Roy. Institut. xix. 88, it seems probable that 
72 may be th« equivalent number. The subject, however, still 
remains in co nsiderable uncertainty. H. 2. 75. 

1338. PrOJoxide qf Uranium , obtained by exposing the per- Protons*, 
carbonate of uranium and ammonia to a red heat, is composed 

of small grains, having a black colour, and a good deal of lustre ; 
bat when reduced to powder, it has a dark green colour. It is 
soluble in muriatic and sulphuric acid ; but the solution goes on 
slowly, except when the oxide is in the state of hydrate. The 
solutions are green, and the protoxide is thrown down in the 
state of a brown coloured hydrate, which dissolves easily in 
acids, forming a dark green solution. It dissolves readily in 
nitric acid, with the evolution of nitrous gas, and is converted 
into peroxide. 

The protoxide of uranium is tasteless, and not altered by ex- 
posure to the air. It combines readily with the acids; all its 
salts have a green colour and are uncrystallizable. 

1339. Peroxide of Uranium affords salts, having for the p«ro*»a«* 
niost part a lemon yellow colour. Its tendency to combine with 

other bodies is such, that it seems impossible to obtain it in a 
separate state. It dissolves with ease in nitric acid, and forms 
a lemon yellow solution of great intensity, which crystallizes 
and forms the nitrate of uranium in fine lemon yellow crystals, 

i 

* Tbomaoo’i Cham. i. 487. 


Digitized by LjOOQle 


348 


SULPHATE OF CRANIUM. 


Precipitated 

by 


haring the form of right four-sided prisms with square bases. 
The addition of carbonate of ammonia affords a yellow powder, 
which is most frequently a percarbonate of uranium, but some- 
times, a triple salt composed of carbonate of ammonia and per- 
carbonate of uranium. Potash and soda afford a beautiful orange 
red powder, which is a triple compound of percarbonate of ura- 
nium and an alkaline carbonate. 

1340. Arfwedson has shown, that if we mix together solution 
of pernitrate of uranium and any earthy or metallic nitrate, and 
add caustic ammonia or potash to the solution, the peroxide of 
uranium precipitates in chemical combination with the earthy or 
metallic oxide present. Thus it appears, that peroxide of 
uranium is capable of uniting both with acids and with bases; so 
that it performs the double function of an alkali and an acid. 9 

1341. The hydrated oxide precipitated by ammonia from 
nitric acid, when gently dried consists of 88 oxide, and 12 
water in 100. It is precipitated again by alkalies, and is thrown 
down, of a reddish brown colour by prussiat.es. Sulphuret of 
ammonia gives a brownish yellow precipitate; and tincture of 
gall£, a chocolate brown one. When exposed to intense gal- 
vanic action, it is fused, but not reduced. 

The yellow oxide of uranium is insoluble in alkalies, which 
distinguishes it from the oxide of tungsten. It is soluble, how- 
ever, by alkaline carbonates, especially by carbonate of am- 
monia. H. 2 74. 

1342. This metal is most soluble in nitric acid. The Nitrate 
forms prismatic brownish yellow crystals which have a peculiar 
irridescent appearance, are deliquescent, and are constituted 
according to Bucholzt of 61 base, -f- 25 acid + 14 water. 

1343. Subnitrate of Uranium, upon the authority of Bu- 
cholz, is formed by heating the nitrate, which renders a pad 
insoluble in water, and separates in the form of a yellow pow- 
der. 

1344. Uranium according to Berzelius has a very weak affin- 
ity for sulphur. Sulphuret of Uranium exists native. Nei- 
ther the Hyposulphite nor Sulphite of Uranium have been 
examined. 

1 345. Sulphate of Uranium forms yellow prismatic crystals, 
decomposable by heat, and according to the analysis of Bucholx, 
consisting of 70 oxide, 18 acid and 12 water. 

1346. The salts of uranium have a yellow colour and an 
to^uof astringent metallic taste. Potassa forms in their solutions a 

yellow precipitate, and carbonate of potassa a white precipitate; 
both these precipitates are insoluble in excess of pure alkali, but 
dissolve in the carbonate.^ Ferrocyanate of potassa produces 
a rich brown precipitate in solutions of uranium, which is very 
characteristic. 


Nitrate. 


Characters t> 


♦ Thomson's First Prin. 2. 7. f Geblen's Jour. ir. 

% Dr Thornton found that the ptecipitate obtained by caustic soda, from the solotiaatf P crB# ' 
trate, was rc- dissolved by aa excess of the alkali. Firtt Princip. ii. t. 
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Section XIX. Titanium . 

1347. Titaoium in the metallic state, was discovered by Dr 
Wollaston, in 1822, in the slag at the bottom of the iron smelting- 
furnace at Merthyr Tydvil in South Wales.* It has been since 
found in several other places in Europe. It has the form of 
small smooth cubes, having a red colour, exceedingly similar to 
that of copper. The cubes are hard enough to scratch rock 
crystal, and cannot be fused by the highest temperature which 
can be raised by the blow-pipe. The specific gravity as deter- 
mined by Dr Wollaston, is 5,3.t From the situation in which 
this metallic titanium has been found, we may infer that it does 
not combine with iron, and Dr Wollaston tried in vain to unite 
it with lead, tin, silver and copper. It does not appear, how- 
ever, to be absolutely free from iron ; Dr Wollaston found that 
when suspended by a fine thread a magnet drew it about 20 
degrees from the perpendicular. He succeeded in detecting 
the presence of iron in it, and calculated the amount of that metal 
at liffth part of the weight of the titanium.); 

1348. Titanium is said to be susceptible of three degrees 
of oxidizement, the colours of the oxides being blue, red, and 
white. 

The blue is formed by exposing the metal to heat and air ; 
the red is the native oxide ; and the white is that which is pre- 
cipitated from the alkaline solution of titanite and menachanite 
by muriatic acid. B. 

1349. Titanium exists in the state of oxide in two minerals, 
in titanite and menachanite. 

Titanite is of a brown colour, and occurs embedded in the 
quartz and granite of primitive countries, and sometimes trav- 
erses rock crystals in fine hair-like filaments. 

The mineral, known by the name of anatase y octoidrite , and 
oysanite , is nearly of the same nature as titanite.§ 

1350. The metal may be obtained from titanite by fusion 
with potassa; the fused mass, washed with water, leaves oxide 
of titanium, containing a little iron ; it is to be dissolved in 
muriatic acid, and precipitated by oxalic acid. B. 

1351. From the mineral called menachanite, white oxide of 

titanium may be obtained by fusing with potassa, and adding 
muriatic acid to the alkaline solution. 4 

1352. The oxide of titanium fuses, but is not reduced by a 
powerful galvanic battery. It is reduced, however, by exposure 
to an intense heat, moistened with oil, and surrounded by pow- 

* Philos. Trans. 1823. 

t From the extreme iofusibility of the cubes of metallic titanium. Dr Wollaston infer* that they 
not been formed bj crystallization in cooling from a state of fusion ; but from the seduction of 
tk* eiide dissolved in the slag around them. 

♦ Phil. Trans, p. 200. Thomson's Firtt Prineip . 2. 80. 

t For other ores of this metal sea Cleaveland's Mineralogy, TOO. 
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dered charcoal, a blackish blistered substance is obtained, some 
points of which have a reddish colour. It is brittle, but when 
in thin plates, has considerable elasticity. When this is boiled 
in nitric acid, no remarkable effects ensue, but the bright spots 
disappear, and are succeeded by a white compound. Nitro- 
muriatic acid forms, also, a white powder, which remains sus- 
pended in it. Sulphuric acid exhibits a similar appearance; 
sulphurous acid is disengaged, and the titanium is partly chang- 
ed to a white oxide, and partly dissolved. Muriatic acid dis- 
solves titanium, but not its oxide. H. 2. 83.* 

1353. Mr Rose of Stockholm, has attempted to analyze oxide 
of titanium by converting it into a sulphuret. Passing sulphuret 
of carbon over the oxide ignited in a porcelain tube, he obtained 
a greyish yellow mass bordering on green. From the analysis 
of this compound he deduces that the oxide of titanium contains 
33,93 hundredths of its weight of oxygen. The oxide, he ob- 
serves, does not possess any of the characters of a salifiable base. 
It dissolves in water, reddens vegetable blues, and expels car- 
bonic acid from carbonates. (Quarterly Journal, xiii. 226.) H. 

1354. The peroxide when pure is snow-white. It possesses 
the properties of a weak acid, (1357) and has in consequence 
been called titanic add by M. Rose, to whom we owe the 
best set of experiments hitherto made on it.t 

1355. Titanic acid occurs native in the form of long prisms, 
or needles having usually a reddish colour, and therefore called, 
by some, red schorl. It is never t^uite pure, being always com- 
bined with peroxide of iron. Titanic acid occurs, likewise, 
united to a considerable proportion of peroxide of iron in black 
grains like gunpowder, and distinguished by the names of w«* 
nachanile , nigrine and iserine , according to the size of the 
grains. T. 2. 82. 

1356. There is great difficulty in separating titanic acid from 
oxide of iron ; the best process appears to be that lately discov- 
ered by M. Rose, which also facilitates the separation of the 
acid from its more abundant compounds.^ A solution of titxmc 
acid, and oxide of iron being obtained in muriatic acid, if tarta- 
ric acid be added to it, and the whole be diluted with water, * 
great excess of Caustic ammonia may be added without any p^* 
cipitation of titanic acid, or oxide of iron. If to this solution 
hydrosulphuret of ammonia be added, it exerts no action on th* 
titanic acid, but changes all the oxide of iron into sulphur*-? 
which separates perfectly. This precipitate is to be carefully 
washed with water, containing a few drops of hydrosulphuret o 
ammonia, until all the tartrate is removed : it is then to be dis- 
solved in muriatic acid, heated to drive off the sulpbure* 
ted hydrogen, treated with nitric acid to peroxidize the iron, 

•Tie oxalate of titanium (1980) affords the metal by intense ignition with charcoal . it '•* 
aeareely possible to obtain it in any state of aggult (nation: in some trials made in tbe Uoj » ^ 
Con, nothing like globules of the metal could be procured, and the crucibles wi re slwsj 1 

| T. First Prin. 1. 89. J Quarterly Journal, No. !****• 
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tod then precipitated by ammonia: in this way the iron is pro- 
cured. The titanic acid may be separated from the solution (if 
it contain no fixed parts,) by evaporating to dryness, and heat- 
ing red hot in contact with air, until all that is volatile is dissi- 
pated, and the charcoal is burnt off. This is best done in a 
small platinum crucible in a muffle ; titanic acid remains.* 

1357. According to M. Rose titanic acid has a fine white Proiwrtiesof 
colour; becomes yellow when heated to redness, but the origi- ^tanicacid. 
nal colour returns on cooling ; after exposure to a red heat it is 
insoluble in acids ; but when precipitated from muriatic acid by 

heat it continues slightly soluble in that acid. When the pre- 
cipitated acid is digested in water that liquid passes milky 
through the thickest paper, and the acid cannot be collected on 
the filter; but this property is destroyed by an acid, or an alkali, 
or even a neutral salt. When fused with potassa and dissolved 
in muriatic acid, and the solution evaporated, the titanic acid 
often gelatinizes. When precipitated by heat and dried by a 
gentle heat, the surface of the acid is covered by a brownish 
sinning crust ; heated to redness this crust becomes white but 
it still appears as if the whole were coated with varnish. 

When titanic acid is precipitated by ammonia, and the dried 
bulky precipitate is heated to redness we obtain a mass cohering 
together, having a brownish colour, an adamantine lustre, and 

* good deal of resemblance to the native oxide of titanium, 
called rutile. When the acid heated to redness is laid upon 
litmus paper and moistened with water, the liquid becomes red, 
but the paper retains its blue colour. It forms insoluble com- 
pounds with the alkalies, and combines with some acids but 
does not neutralize them.}: 

1358. The action of chlorine, of iodine, and of their acids, ActioBof 
upon titanium, have not been examined. The carbonate of 
titanium dissolves in muriatic, nitric, and sulphuric acids, and 
phosphoric acid occasions a white precipitate in these solutions. 

Neither the muriate , nitrate , nor sulphate are crystallizable. 

The solution of the muriate is speedily decomposed by exposure 
t0 light, and a white precipitate of oxide is formed in it. 

1359. When the native oxides of titanium are fused with car- cart>» n »t«. 
donate of potassa, at a temperature not too high, a white carbo - 

flafe qf titanium is formed. 

1360. The solutions of titanium are colourless, and afford 
^Hite precipitates with the alkalies ; ferrocyanate of potassa 
gives a green precipitate, and infusion of galls a red one, which, 
if the solution be concentrated, has the appearance of coagulated 

* Tbis Method may be followed with minerals containing titanic acid combined with protoxide of 
which may be pulverised and dissolved in strong muriatic acid. Jinn, it Ckinu Unix. 130. 

t Quart. Joor xx. 170. 
t Rose, u quoted by Thomson, ii. 84. 

Dr ThonMon makes the atom of titanium 4, Oxygen = 1. — 32 Hydrogen = I ; and the atom of 
tltM * acid 48. H. = 1,-6 Ox. as 1. 
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blood. A rod of tip* immersed in the solution, imparts to the 
liquid around it a fine red colour ; and a rod of zinc, a deep 
blue one. 


Section XX. Cerium . 


How obtain* 


Yaaqoolin'a 


1361. This metal was obtained by Hisinger and Berzelius, 
from a mineral found at Basinas in Sweden, to which they have 
given the name of Ceriie -•* It is also contained in JlUanHt , a 
mineral from Greenland, first distinguished as a peculiar species 
by Mr Thomas Allan, of Edinburgh. It contains, according to 
Dr Thomson’s analysis, about 40 per cent, of oxide of cerium. 

The ore is calcined, pulverized, and digested in nitro-mori- 
atic acid. To the filtered solution saturated with potassa, oxalic 
acid is added, which occasions a precipitate j this, when dried 
and ignited, is oxide of cerium. 

This oxide is extremely difficult of reduction. Mr Children 
succeeded in fusing it by the aid of his powerful Voltaic appa- 
ratus, and when intensely heated it burned with a vivid flame, 
and was partly volatilized. 

^ 1362. The attempts of Vauquelin to reduce the oxide of 

•xpwimente. cerium produced only a small metallic globule, not larger than 
a pin’s head. This globule was not acted upon by any of the 
aimpleacids ; but it was dissolved, though slowly, by nitro-mu- 
riatic acid. The solution was reddish, and gave traces of iron; 
but it also gave evident marks of cerium, by the white precipi- 
tate which tartrite of potassa and oxalate of ammpnia threw down. 
The metallic globule, also, was harder, whiter, much more brit- 
tle, and more scaly in its fracture, than pure cast-iron. The 
oxide fused, by Mr Children’s battery, (1361) on exposure fori 
few hours to the air, fell into a light brown powder, containing 
numerous particles of a silvery lustre. Hence cerium appears 
to be a volatile metal, unless it be volatilized in the state of an 
oxide, which remains to be decided by future experiments. 
H. ii. 78. 

1363. Vauquelint and Hisinger have described two oxides of 
cerium. The protoxide is white, and consists of cerium 100 
+ oxygen 17,41. The peroxide is brown, and contains cerium 
100 + oxygen 26,11. If we regard the first oxide as consti- 
tuted of 2 atoms of oxygen -f l of metal, the equivalent for 
cerium will be 92 ; if of one atom only of oxygen + 1 * tom 
metal, the representative number of cerium will be 46; that ot 
the protoxide 54 ; and that of the peroxide 62. H. 

1364. Muriatic and sulphuric acids dissolve the red peroxide 
of cerium, and the solutions afford yellow crystals. Themun- 


Oxidee. 


* The name Ctmm wa« pi*® 0 to tbu metal from the planet Certs, diacorerrd aboet U>« * 
period. See Nmho>too’a Jour. xii. 105. 
t Anaeles do Chimie, iv. 
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ate is deliquescent ; the sulphate difficultly soluble* The sul- 
phate of the protoxide forms white crystals of a sweet taste* 

Nitric acid forms with the protoxide a deliquescent compound, 
of a sweet taste. The carbonate is precipitated from these solu- 
tions in the form of a white powder. 

1365. The salts of cerium are either white or yellow, as they sdt» of 
contain either the protoxide or peroxide. Their neutral solu- Mn " m ‘ 
tions taste sweet. Ferrocyanate of potassa, and oxalate of am- 
monia, produce white precipitates soluble in nitric and muri- 
atic acids. Neither sulphuretted hydrogen, nor gallic acid, 
occasion any precipitate. B. 

An infusion of galls produces, in muriate of cerium a yellow- 
ish precipitate not very abundant. A few drops of ammonia 
thrown down a very voluminous one of a brown colour, which 
becomes black and brilliant, by desiccation. By the action of 
heat, it assumes a brick-red colour. H. ii. 77. 


Section XXI. Tellurium. 

1366. The ores of tellurium are, 1. Native , in which the om. 
metal is combined with iron and a little gold. 2. Graphic ore , 

a compound of tellurium, gold, and silver. 3. Yellow ore, a 
compound of tellurium, gold, lead, and silver ; and 4. Black ore, 
consisting of the same metals with copper and sulphur. 

These ores have been found in the Transylvania mines, in 
Siberia, and at Huntington in the state of Connecticut.* 

Tellurium was discovered by Klaproth, t in an ore of gold. Proeillftr 
His process for extracting it consists in the solution of the ore 
by nitro-muriatic acid, dilution with water, and the addition of 
pure potassa, which throws down all the metals that are pres- 
ent; and, when added in excess, re-dissolves a white precipi- 
tate which it at first occasions. To the alkaline solution, muri- 
atic acid is then added ; a precipitate again appears ; and this, 
when dried and heated with one twelfth its weight of charcoal, 
or with a email quantity of oil, in a glass retort, yields tellu- 
rium, in the form of small brilliant metallic drops, lining the 
upper part of the body of the retort. — One hundred parts of the 
ore yield above 90 of tellurium. H. 2. 100. 

1367. Tellurium is of a bright grey colour, brittle, easily Proponfe* 
fusible, and very volatile. Its specific gravity is 6,1 . 

1368. It is oxidized when heated in contact with air; and oxidt. 

4 burns with a sky-blue flame, edged with green. Upon charcoal, 

before the blow-pipe, it inflames with a violence resembling 
detonation ; exhibits a vivid flame ; and entirely flies off in a 
grey smoke, having a peculiarly nauseous smell. This smoke, 
when condensed, and examined in quantity, is found to be 
white with a tint of yellow. It is fusible by a strong heat, and 

• Aaur. Jour, of Solencc. i. 406. f Contribution*, ii. 1. 

45 
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fEUUBIUM AND HYDROGEN. 


Weight of its 
atom. 


Actios of 
nitric add. 


—of chlorine, 


— of sul- 
phuric acid. 


Union with 
bjdrofen. 


volatile at a still higher temperature. It not only unites as a 
base with acids, but also itself possesses the character of an 
acid, and forms a class of salts, which may be called tellurates. 
It is composed, according to Klaproth of 

Tellurium 83 100, 

Oxygen 17 20,5 


100 


Berzelius, however, determines the quantity of oxygen, ab- 
sorbed by 100 of tellurium, when changed into oxide, to be 
27,83. If this result be correct, and the compound be the pro- 
toxide, the atom of tellurium should weigh 29 ; but the deter- 
mination of Klaproth would make it 39. H. 2. 101. 

1369. Tellurium is soluble in nitric and nitro-muriatic acids. 
The saturated solution is decomposed by the mere addition of 
water, which throws down a white powder ; but this is again dis- 
solved on adding more water. Chlorine unites with tellurium, 
and forms a white semi-transparent compound, which is decom- 
posed when added to water. It consists, according to Sir H. 
Davy, of 100 tellurium united with 90,5 chlorine. From its 
solutions it is precipitated in a metallic form, by iron, zinc, tin, 
and even by muriate of tin. Carbonated and pure alkalies pre- 
cipitate the telluric oxide united with water, in the form of a 
white hydrate ; and the oxide is re-dissolved by an excess of 
alkali or carbonate. Alkaline sulphurets throw down a dark 
brown or blackish precipitate. Tincture of galls produces a 
flocculent yellow precipitate. The solutions of this metal in 
acids are not decomposed by prussiate of potassa ; a property 
which tellurium possesses in common with gold, platinum, 
iridium, rhodium, and antimony. 

1370. It gives a deep purple colour to sulphuric acid, from 
which it is thrown down in black flocculi by water; but if the 
acid be diluted with two or three parts of water to which a 
little nitric acid has been added, a large portion of the metal 
is dissolved, and the solution is not decomposed by water. 
U. 742. 


1371. Tellurium forms two distinct compounds with hydro- 
gen, the one of which is solid, and the other gaseous. 1st. By 
making tellurium the negative surface in water, in the galvanic 
circuit, a brown powder is formed, which is a solid hydtvrti 
of tellurium . 2dly. By acting with dilute sulphuric acid, 
upon the alloy of tellurium and potassium (which may be ob- 
tained by heating a mixture of solid hydrate of potassa, telluri- 
um, and charcoal), we obtain a peculiar gas. This gas has a 
smell resembling that of sulphuretted hydrogen. It is absorbed 
by water, and a claret-coloured solution results, which, by ex- 
posure to the air, becomes brown, and deposits tellurium. After 
being washed with a small quantity of water, it does not atiect 
vegetable blue colours. It bums with a bluish flame, depositing 
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oxide of tellurium. It unites with alkalies ; precipitates most 
metallic solutions ; and is instantly decomposed by chlorine gas. 

It may be called telluretted hydrogen gas . According to 
Berzelius, it is constituted of 100 parts of tellurium with a little 
less than two parts of hydrogen. H. 11. 102. 

1372. According to Dr Thomson, the specific gravity of 
telluretted hydrogen is 2,916, and 100 cubical inches weigh 
69,895 grains. 

1373. Tellurate of Potassa may be formed by heating oxide Tellor%teof 
of tellurium with nitre, and dissolving the residuum in boiling po*tas!£ teo 
water, which, on cooling, deposits an imperfectly crystallized 

white powder, difficultly soluble in water. 

1374. Solution of tellurate of potassa, added to solutions of 
lime, baryta, strontia, copper, and lead, forms insoluble tellu- 
rites of the oxides of those metals. 


Section XXII. Selenium . 

1375. This body is placed, rather from analogy than experi- 
ment, among the metals. 

In the chambers for manufacturing sulphuric acid, from the 
sulphur which is procured at Fahlun in Sweden, a reddish 2SSL 0 / 
mass is deposited, which is principally sulphur.* This sub- 
stance, in burning, gave out an odour, which induced Berzelius 
to suspect that it contained tellurium, but on a minute examina- 
tion he discovered, instead of that metal, a body with entirely 
new properties, to which he has given the name of Selenium . 

The process by which it was extracted, is described in the 13th 
vol. of Annals of Philosophy, p. 403 ; but as the source of it is 
extremely rare, it will be sufficient to refer to Berzelius’ 
description. 

1376. The colour of Selenium varies a good deal. When 
rapidly cooled, its surface has a dark brown hue, and its frac- Prop#rll * i * 
ture the colour of lead. Its powder has a deep red colour, but 

it sticks together when pounded, and then assumes a grey col- 
our and a smooth surface. It softens at 212° Fahr., and com- 
pletely fuses at a few degrees higher. While cooling, it has a 
considerable degree of ductility, and may be kneaded between 
the fingers, and drawn out into fine threads, which have a strong 
metallic lustre, an imperfect degree of transparency ; and are 
red by transmitted, but grey by reflected light. When slowly 
cooled it assumes a granulated fracture, and is extremely like 
a piece of cobalt. At a temperature nearly equal to that of 
boiling mercury, selenium enters into ebullition ; and condenses, 

•It has been lately discovered by V Stromeyer amongst the volcanic products of the Lipari islands, 
and the peculiar orange tint of the sulphur from those islands is supposed to proceed from its presence. 

Sse jlan. Philo*. JV.S. *. 254 — Professors Stromejer and Uausmano hare given eo account of a uevr 
ere ef lead containing selenium. Set Boat. Jour. ii. W*7. 
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either into opaque metallic drops, or, when a retort with a large 
neck is used, into flowers of a fine cinnabar colour. Its vapour 
has a deep yellow colour, more intense than that of chlorine, 
but not so deep as that of sulphur. 

1377. When heated before the blow-pipe, it tinges the flame 
of a fine azure blue, and exhales so strong a smell of horse-rad- 
ish, that a fragment, not exceeding tV of a grain, is sufficients 
fill the air of a large apartment. 

1378. Selenium and Oxygen . — Oxide of Selenium is formed 
Oxi*«. by heating Selenium in a close phial with common air, whicbac- 

quires a strong smell of horse-raddish. Water agitated with this 
air imbibes the odour of the gas, and reddens litmus feebly, but 
this appears to be owing to the production of a small quantity of 
selenic acid. Selenic oxide gas is very sparingly soluble in 
water, and does not impart any taste to it. It does not combine 
with liquid alkalies. 

1379. Selenic acid . — Selenium dissolves in nitric and nitro- 
8ei«nic acid, muriatic acids, and when the solution is evaporaled in a retort, 

so as to expel the excess of those acids, there remains a white 
saline mass, which sublimes on raising the temperature, and 
forms a vapour, the colour of which closely resembles that of 
chlorine, in the cold part of the apparatus, selenic acid con- 
denses in very long four-sided needles. These crystals, when 
first taken out of the retort, have a dry aspect, and a peculiar 
lustre. Exposed to the air, they adhere to each other, and the 
lustre becomes dull, but they do not liquefy. 

1380. Selenic acid has a sour taste, and leaves a slightly 
burning sensation on the tongue. It is very soluble in cold 

. water, and dissolves in almost every proportion in boiling water. 
A saturated solution crystallizes, when rapidly cooled, in small 
grains, and when slowly cooled in striated prisms. The crys- 
tals dissolve in great abundance in alcohol, and the solution, 
when distilled, yields a fluid having an ethereal smell. 

Selenic acid unites with different bases, and forms a class of 
salts called Selenates or Seleniates . 

Selenic acid is easily reduced both in the moist and the dry 
way. When a plate of zinc or polished iron is introduced into 
a solution of selenic acid mixed with muriatic acid, selenium is 
precipitated in the form of red, or brown, or blackish plates. 
It is revived, also, by sulphuretted hydrogen, and sulphurous 
acid gases. 

1381. From his investigation of selenic acid, Berzelius has 
inferred it to consist of 

Composition. Selenium ««•«»••• 71,261 ....... 100,00 

Oxygen 28,739 40,33 


100 . 

On the supposition that it is constituted of an atom of base 
+ 2 atoms of oxygen, the equivalent number for selenium will 
be 41, and for selenic acid 67. 
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1382. Selenium and Chlorine . — Selenium absorbs chlorine 
gas, and becomes hot and forms a brown liquid, which, by an 
additional quantity of chlorine, is converted into a white solid 
mass. This is stated by Berzelius to be a compound of muriatic 
and selenic acids, but it is probably composed of chloride of 
selenium and the latter acid. It has not yet been accurately 
separated into its component parts, for when heat is applied, 
both substances are sublimed. H. 1. 391. 

1383. Selenium unites with the metals. With potassium it 
combines with great energy, producing a greyish compound, 
with metallic lustre, and which, when thrown into water, evolves 
selenuretted hydrogen gas , which is highly irritating to the 
nostrils. B. 

1384. While this body possesses some .of the characters of 
metals, (the metallic lustre for example,) it is destitute of others 
that are essential to its arrangement in that class. It has more 
transparency than any metal, and is distinguished, also, from 
the metals, by the want of power to conduct electricity or heat. 
In some respects it resembles tellurium ; but, oq the whole, its 
properties are most analogous to those of sulphur ; and it may 
be regarded as forming the connecting link between metals and 
non-metallic combustibles. H. 394. 


Section XXIII. Arsenic. 

1385. Arsenic, as it is found under that name in the shops, 
is not a metal, but a white oxide, from which the metal may be 
obtained by mixing it with half its weight of black flux,* and 
introducing the mixture into a Florence flask, placed in a sand 
bath, gradually raised to a red heat : a brilliant metallic subli- 
mate of pure arsenic collects in the upper part of the flask. The 
volatility of white arsenic prevents its easy reduction by char- 
coal alone ; but the potassa in the flux enables it to acquire a 
temperature sufficient for its perfect reduction. 

1386. Arsenic is of a steel blue colour, quite brittle, and of a 
specific gravity = 8,3. It readily fuses, and in close vessels 
may be distilled at a temperature of 360°, which is lower than 
its fusing point. Its vapour has a very strong smell, resembling 
that of garlic. Heated in the air it easily takes fire, burns with 
a blue flame, and produces copious white fumes of oxide. Ex- 
posed to a moist air it gradually becomes incrusted with a grey 
powder, which is an imperfect oxide. This metal and all its 
compounds are virulent poisons. 

1387. Native arsenic usually occurs in rounded masses, or 
nodules, of a foliated lamellar texture, in the veins of primitive 

* This U u extremely useful compound for effecting the reduction of many of the metallic oxides. 
IlooamU of charcoal aod tubcarbonate of potaesa, and it beat prepared by deflagrating in a crucible 
• mixture of one part of nitre and two of powdered tartar. The mixture remains in fusion at a red 
heat, and thus suffers the sauJl globules of reduced me'.aJ to coalesce into * button. 


Union with 
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rocks, and is often associated with silver, cobalt, lead, and 
nickel ores. 

1388. Arsenic and Oxygen .-*- There are two definite com- 
pounds of arsenic and oxygen, which are both capable of form- 
mg combinations with other metallic oxides. They are sour 
and soluble in water, and have thence been properly termed 
arsentous and arsenic acids. 

The arsenious acid, or, as it is commonly called, white arse- 
nic , or white oxide of arsenic , is the best known, and most 
commonly occurring compound of this metal ; and as cases of 
poisoning by it are frequent, every person should be well 
acquainted with its characteristic properties. 

1389. Arsenious acid may easily be procured by the combus- 
tion of the metal ; but as it is formed during certain metallur- 
gic processes, that mode is rarely resorted to. It is abundantly 
prepared at Joachimsthal in Bohemia, from arsenical cobalt ores, 
which are roasted in reverberatory furnaces, and the vapours 
condensed in a long chimney, the contents of which, submitted 
to a second sublimation, afford the white arsenic of commerce. 

1390. Arsenious acid is white, semi-transparent, brittle, and 
of a vitreous fracture. Its specific gravity is 3,7. Its tpste is 
acrid, accompanied by a very nauseous sweetness, and it is vir- 
ulently poisonous, producing inflammation and gangrene of the 
stomach and intestines; it also proves fatal when applied to a 
wound ; and as the local injury is in neither case sufficient to 
cause death, it is probable that an induced affection of the nerv- 
ous system and of the heart is the cause of the mischief.* To 
get rid of the poison by producing copious vomiting and purg- 
ing, and to pursue the usual means of subduing and preventing 
inflammation, are the principal points of treatment to be adopted 
in cases where this poison has been taken.t 

1391. By a slow sublimation arsenious acid forms tetraedral 
crystals; it is volatile at 380°, and has no smell when perfectly 
free from metallic arsenic.J According to Klaproth, 1000 parts 
of water at 60° dissolve 2,5 of white arsenic; and 1000 parts of 
water at 212°, dissolve rather more than 77 parts, and about 30 
parts are retained in permanent solution. — But the most elabo- 
rate experiments are those of Fischer of Breslau. According 
to these, white oxide of arsenic is insoluble as such in water, 
and, when acted upon by water, one portion of the oxide ac- 
quires oxygen from another, and, becoming acidified, is render- 
ed soluble. This is the reason why the undissolved portion 
loses its colour, and becomes of a dirty yellow. Of boiling water, 
12,3 parts dissolve one of arsenic; but at the common tempe- 
rature of the atmosphere, 66| parts of water take up only one 
part.§ H. 


• Brodie's Obtervaiione and Experiment! on the Action of Poieone. Phil. Trans. 1812. 
t Orfila, Traite du Poieone , Tom. i. p 123. 

X Dr Paris, Quarterly Journal of Science and Arte, Vol. vi. 

% Thomson’ i Annate , vii. 33. 
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The solutions taste acrid and nauseous, and redden vegetable 
blues. 80 parts of alcohol at 60°, dissolve one part of this acid. 

Its aqueous solution furnishes tetraedral cry stab by slow evap- 
oration, 

1392. From late experiments Dr Thomson has deduced the 
weight of the atom of arsenic to be 4,75 oxygen being ! ; this *<2nKI. 
corresponds with 38 when hydrogen is taken as unity ; and he 
considers arsenious acid as composed of 1 atom arsenic and 2 
atoms oxygen ; and arsenic acid of 1 arsenic -f 3 oxygen, giv- 
ing 6,75 for the representative number of arsenious acid on the 
oxygen scale, or 54 on the hydrogen ; and arsenic acid will be 
represented on the former by 7,75, on the latter by 62.* 

1393. Native Whitt •Arsenic occurs in prismatic crystals, 
and in a pulverulent form ; it is found in Saxony and Hungary. 

1394. The arsenious acid forms a distinct class of salts, called 
arsenites , which have been but little examined. 

The arsenites of ammonia , potassa , and soda , are easily Amnfe* 
soluble and uncrystallizable : they are formed by boiling the 
acid in the alkaline solutions. Those of lime , baryta , strontia 9 
and magnesia , are difficultly soluble, and formed in the same 
way. Arsenite of potassa is the active ingredient in the liquor 
polassse arsenitis of the U. S. Pharmacopoeia , and in Fowler's 
mineral solution or tasteless ague drop . 

Arsenite of ammonia produces a yellow precipitate in nitrate 
of silver, easily soluble in excess of ammonia. 

1395. Arsenite of potassa produces a white precipitate in the _orptcu». 
white salts of manganese ; a dingy green precipitate iu the solu- 
tions of iron ; a white precipitate in solutions of zinc and tin. 

Mixed with a solution of sulphate of copper, a precipitate of a 
fine apple green colour falls, called from its discoverer, Scheele 9 s 
green , and is useful as a pigment. In the solutions of lead, anti- 
mony, and bismuth, it forms white precipitates : added to nitrate 
of cobalt it forms a pink precipitate ; and bright yellow, with 
nitrate of uranium. With nitrate of silver it forms a white pre- 
cipitate, soon becoming yellow, and very soluble in ammonia. 

All these precipitates are probably arsenites of the respective 
metals, and, heated by a blow-pipe on charcoal, they exhale the 
smell of arsenic. 

1396. By repeated distillation with nitric acid only, arsenious Amucacu. 
acid is changed into arsenic acid. Or a mixture of 4 parts of 
muriatic and 24 of nitric acid may be distilled off 8 parts 

of arsenious acid, gradually raising the bottom of the retort to 
a red heat at the end of the operation. It may also be procured 
by distilling nitric acid off powdered metallic arsenic. 

1397. Arsenic acid is a white substance, of a sour taste ; it is Fiopcrtiu. 
deliquescent and uncrystallizable. Its specific gravity is 3,4. 

It requires for solution 6 parts of cold and 2 of boiling water ; 
its solution reddens vegetable blues, and tastes acrid and me- 
tallic. 


* Sec Flnt Princip. 2. 
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Ratio of tho 1398. It appears from the experiments of Proust and Thom- 
son, that the oxygen in the arsenic acid is, to that in thearseoi- 
£2™*°"* ous acid, as 3 to 2 ; hence we may regard it as a compound of 
1 proportional of arsenic =38, and 3 proportionals of oxygen 
s 24, and its representative number will be 62. — Berzelius, 
has been led, by his investigation of these acids, to con- 
clude that the ratio of the oxygen in arsenic acid is to that in 
arsenious acid as 5 to 3, a deviation from the general law of 
acid compounds, limited to those with base of arsenic and phos- 
phorus. Between these acids, indeed, there seems to be, io 
several respects, a considerable analogy, especially in their salts, 
which, though carefully neutralized when in solution, yet when 
concentrated by evaporation, crystallize with an excess of 
alkali. H. 2. 50. 

1 399. The Arseniates are produced by the union of this add 
with the metallic oxides; and many which are insoluble may 
be formed by adding arseniate of potassa to their respective 
solutions. 

—of awo- 1400. Arseniate of Ammonia is formed by saturating arsenic 
•“* acid with ammonia ; rhomboidal prisms are obtained on evapo- 

ration, which, when gently heated effloresce and evolve ammo- 
nia; at a higher temperature pure water is formed, oxide of 
arsenic sublimes, and nitrogen is evolved, a circumstance 'first 
observed by Scheele. 

— of potMt*. 1401. Binarseniate of Potassa may either be formed by 
adding excess of arsenic acid to potassa and evaporation ; or by 
heating to redness,* in a Florence flask, a mixture of equal parts 
of nitre and white arsenic ; during the latter operation much 
nitrous gas is evolved, and on dissolving the residue in water, 
filtering, and evaporating, quadrangular crystals of binarseniate 
of potassa are obtained. Macquer was the first who procured 
this compound, hence it was termed Macquer J s neutral art* 
nical salt . It is not easily decomposed by heat alone, and may 
be fused and kept red hot without undergoing other change 
than losing a little acid, but wheo mixed with about an eighth of 
charcpal powder and distilled, metallic arsenic rises, and carbo- 
nate of potassa, mixed with a part of the charcoal, remains in the 
body of the retort. This salt is used in pharmacy for the cure 
of agues : it consists of 

1 proportional of potassa 4 . . = 48 

2 arsenic acid 124 

172 B. 


Dr Thomson’s analysis makes it to consist of 

Arsenic acid 65,426 

Potassa . 27,074 

Water . . 7,500 


100 . 
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1402. Arseniate of Soda is formed by saturating a solution 
of carbonate of soda with arsenic acid ; on evaporation, crystals 
are obtained, which appear to consist of 


1 proportional of soda = 32 

1 — ■ arsenic acid =62 


94 

It has a cooling taste, resembling that of carbonate of soda, 
but less strong. It requires more than ten times its weight of 
cold water for solution, and the liquid has alkaline properties. 
It undergoes the watery fusion. Its solution, when dropped 
into most earthy and metallic salts, occasions precipitates, the 
peculiar appearances of which are exhibited by Dr Thomson 
in a table published in the Annals of Philosophy, xv. 83. H. 

1403. Arseniate of Lime is deposited when arsenic acid is 
dropped into lime-water or when arseniate of potassa is added 
to nitrate of lime ; it is difficultly soluble in water, and consists, 
according to Laugier* of arsenic acid 67, lime 33* numbers 
which do not exactly correspond with 1 proportional of acid + 
1 of base. 

1404. Arseniate of Baryta may be formed by mixing neu- 
tral-arseniate of soda with nitrate of baryta; when the acid is 
not iu excess it is insoluble in water. It consists of 


Arsenic acid 42,94 . . . • 100, 

Baryta 56,06 .... 132,88 


100. H.t 

1405. Arseniate of Zinc is precipitated in the form of a 
white insoluble powder when arsenic acid, or an alkaline arse- 
niate, is added to sulphate of zinc. 

1406. Arseniate of Tin is a white insoluble powder, pre- 
cipitated by adding arseniate of potassa to muriate of tin. 

1407. Arseniate of Copper is formed by adding an alkaline 
arseniate to nitrate of copper ; it is a blue insoluble powder. 
The arseniates of copper have been submitted to an elaborate 
investigation by Mr Chenevix, he has described five varieties.! 

1408. Arseniate of Lead. It may be formed by pouring 
arsenic acid into any of the soluble salts of lead when it falls in 
the form of a white powder, insoluble in water, but soluble in 
dilute nitric acid ; a circumstance which enables us in analysis 
to separate it from sulphate of lead, which is insoluble. This 
compound is fusible without decomposition ; but if it be heated 

• Annals de Chim. 86, 58. 

t Aneniats of Magnssia it soluble, deliquescent, and uncrystallixable. Arttniai s <f Manganese 
i* precipitated in the form of a white powder, by adding arseniate of potassa to muriate of 
■Mpneir. ArteniaU of Iron — Arseniate of ammonia, added to the solution! of protosulpbate and 
porsalpbata of iron, occasion! greenish precipitate! of proiarseniate and psraneniate of iron, both of 
vbkb hare been examined by Mr Chener'ix* Phil. Trans. 1801, pp. 380, 336. 

t See Phil. Trana. 1801 — Thomson*! Syitem, ii. 465, Amer. edit.— end First Principles, ii. 281. 
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with ehsrfeotl, both the lead and arsenic are reduced, and the 
latter evaporates. 

Araeniate of lead occurs native ; the finest crystallised vari- 
eties are associated with silver at Johanngeorgenstadt in Sax- 
ony.* The arseniate from Cornwall, Eng. is inferred by Dr 
Thomson, from the analysis of Mr Gregor, to consist of 1 atom 
acid and 1£ protoxide of lead ; that from Saxony of one atom 
of each of its constituents. T. 2. 371.t 

1409. Arsenic and Chlorine. — Chloride cf arsenic is formed 
by throwing finely-powdered arsenic into chlorine ; the metal 
burns and forms a whitish deliquescent and volatile compound ; 
it may also be obtained by distilling 6 parts of corrosive subli- 
mate with 1 of powdered arsenic ; the chloride passes into the 
receiver in the form of an unctuous fluid, formerly called butter 
of arsenic . Mixed with water, the chloride of arsenic is 
decomposed, and white oxide, or arsenious acid, is deposited, mu- 
riatic acid being at the same time produced. Hence it may be 
inferred, that the chlorine is to the arsenic in the same propor- 
tion as the oxygen, and, consequently, that it consists of I pro- 

E irtional of arsenic -|- 2 proportionals of chlorine, which, from 
r Davy’s experiments, appears to be the case. B. 

Dr Davy determined the composition of this compound^ by 
synthesis, and states it to consist of 

Chlorine 60,48 100 

Arsenic 39,52 65,3 


100 . 

Tliis analysis, however, does not lead to an atomic weight 
for arsenic at all coinciding with that deduced from the oxides. 
From the name which Dr Davy gives to this compound, it is 
evident that he considers it as the protochloride ; but in that 
case the atom of arsenic would weigh only 23,4. ; for 100 : 65 
: : 36 : 23,4. There is, probably therefore, some error in the 
estimate of its composition. H. 2. 51. 

1410. Chlorate qf Arsenic has not been examined, but chlo- 
rate of potassa and metallic arsenic afford a detonating mixture, 
which takes fire with amazing rapidity. The salt and metal, 
first separately powdered, may be mixed by the gentlest possi- 
ble triture, or rather by stirring them together on paper with a 
knife point. If two long trains be laid on a table, the one of 
gunpowder, and the other of this mixture, and they be placed in 
contact with each other at one end, so that they may be fired at 

• Mob's Mineralogy, ii. 197. 

1 jSrttniAU of Jintimuf.— Nothing is known respecting the combinations of arsenic acid wifli 
either of the oxides of antimony. Anoniatt qf Bitmutk falls as an insol able white powder on adding 
arsenic acid to nitrate of bismuth. AroonimU Cobalt is precipitated of a red coloar by the alditiaa 
of an alkaline arseniate to a soluble salt of eobalt Aroonimto if Uram i w m is thrown down by a stsaw 
colotfr when arseniate of potasoa is added to filtrate of araaimn. 

t Philos. Trans. 181 J, Its. 
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once, the arsenical mixture detonates with the rapidity of light* 
ning, while the other burns with comparatively extreme slow* 
ness. H. 

1411. Iodide of Arsenic^ obtained by heating the metal with 
excess of iodine, is of a deep red colour, and volatile. When 
acted upon by water, it produces hydriodic and arsenic acids, 
whence it appears probable that it contains 1 proportional of 
arsenic and 3 of iodine. 

1412. Arsenic and Hydrogen . — When tin is dissolved in 
liquid arsenic acid, an inflammable gas is disengaged, as was 
observed by Scheele, consisting of hydrogen gas, holding arsenic 
in solution. It may be obtained, also, by adding metallic 
arsenic to a mixture of diluted sulphuric acid and zinc filings, or 
by acting on water with a triple alloy of arsenic, potassium and 
antimony. This alloy may be formed by heating strongly, for 
two hours, in a close crucible, two parts of antimony, two of 
cream of tartar, and one of white arsenic. When two or three 
drachms of this alloy are thrown quickly under ajar inverted 
in water, abundance of arsenuretted hydrogen is disengaged.* 
The greatest caution should be used to avoid its deleterious 
effects, which were fatal to the late M. Gehlen.t The gas 
may be collected over water, by which it is not sensibly ab- 
sorbed. 

1413. The specific gravity of this gas is liable to vary accord- 
ing to the mode by which it is procured. It has been found 
heaviest when obtained from a mixture of 4 parts of zinc, 1 
of arsenic, and 3 of sulphuric acid, diluted with 4 or 5 of water. 
After Standing a day over water, it deposits a small quantity of 
brown matter, which appears to be a hydruret of arsenic , and 
then it has a specific gravity of from 12 to 14, hydrogen being 
= 1. This is considerably heavier than the usual estimation. 
If the gas were composed of 1 proportional of arsenic and two 
of hydrogen, without condensation, 100 cubical inches should 
weigh 51,75 grains, and its specific gravity to hydrogen would 
be 20,7. But Gay-Lussac and ThenardJ have shown by decom- 
posing it by tin, that 100 parts expand to 140, which would 
still increase its specific gravity, it being probable that 3 volumes 
of hydrogen are condensed into 2. It is probable, therefore, 
that the gas, hitherto described under the name of arsenuretted 
hydrogen, is a mixture of the real compound with hydrogen. B. 

1414. The gas obtained by the above described process is 
expanded in volume and deposits arsenic at high temperatures : 
exposure to intense cold is said to occasion its liquefaction. It 


* Quarterly Joan*], ail ifS. 

f Abo. 3b Chin. 95, 110; end A no. do Chin, et Phys. iii. 135. 

% R*ehtnsku Pkytico-ChemifHi, Tom. i. p. 930. From the analogy of the other compound* of 
hydrogen and a combustible, there seems little doubt that it is a compound of 


1 roltime arsenic vapour 
1 volume hydrogen gas 


| condensed into 1 volume. 

T. Pint Principal, i. 235. 
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•smells strongly alliaceous ; it extinguishes a taper, and burnt 
with a pale blue flame, depositing arsenic and its oxide.* 

Soap bubbles blown with a mixture of this and oxygen gtses, 
Exp. burn with a blue flame, a white smoke, and a strong alliaceous 
smell. 

If detonated with about 4 volumes of oxygen, arsenious acid 
Exp. and water are formed. A stream of arsenuretted hydrogen gas, 
issuing from a bladder fitted with a stop-cock, and set on fire in 
a large receiver filled with oxygen, burns with a blue flame of 
uncommon splendour. 

According to Stromeyer,t it requires for its perfect combus- 
tion 0,72 parts by bulk of oxygen ; but this is probably not 
sufficient to burn the arsenic. 

1415. A solid compound of hydrogen and arsenic may be 
formed, by acting on water with an alloy of potassium and 
arsenic; and, of course, much less hydrogen gas is evolved, 
than the same weight of uncombined potassium would liberate 
from water. It is described by 'Gay-Lussac, as separating in 
chesnut-brown coloured flocks. There appears, indeed, to be 
a strong affinity between hydrogen and arsenic ; for Berzelius 
found that the recently prepared metal, when distilled along 
with oxide of tin, gave a drop or two of water. It must, there- 
fore, have yielded hydrogen to the oxygen of the oxide. H. 

1416. If bubbles of chlorine be passed up into ajar ofarsen- 
R*p. uretted hydrogen, standing over warm water, flame and explo- 
sion are often produced, muriatic acid is formed, and a brown 
hydruret is deposited ; but if the gas be passed in the same way 
by successive bubbles into chlorine, no inflammation results, 
absorption takes place, and muriatic acid and chloride of arsenic 
are formed. If the chlorine be not very pure, and when the 
gases are cold, inflammation seldom follows their mixture. 

• 1417. Chlorine, added to a mixture of sulphuretted with 
arsenuretted hydrogen, .causes a deposit of red sulphuret of 
arsenic. 

1418. Nitric acid suddenly decomposes arsenuretted hydro- 
gen ; water, oxide of arsenic, nitrous acid, and nitric oxide are 
the results. 

. 141*9. Arsenic and Sulphur. — By slowly fusing a mixture 

p nU of metallic arsenic and sulphur, a red sulphuret of arsenic s 
obtained. It is crystallizable, and of a vitreous fracture: its 
specific gravity is 3.4. It is usually known under the name of 
realgar , and occurs native in Germany and Switzerland, w 
veins of primitive rocks and among volcanic matter. It* 
primitive iorra is an acute octoedron. 

1420. If white arsenic be dissolved in muriatic acid, and pre- 
0r *“ n#,rt * cipitated by hydrosulphuret of ammonia, a fine yellow sulphuret 
of arsenic falls, which it appears only differs in form fro® rea *’ 
gar : it is usually called orpiment. 

* One cubic inch of the pit contain* about one fourth of b pain of metallic anenic. H* 
f Jrickebon't Jtummly toL xix. 
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1491. Native Orpiment is of a bright lemon or golden colour. Native. 
It is generally massive and lamellar. It occurs both in primi- 
tive and secondary rocks in Suabia, Hungary, China, and South 
America. 

Orpiment is employed in calico-printing to de-oxygenate in- 
digo, which thus becomes capable of attaching itself to the cloth. Use* 
M. Braconnot recommends realgar for dyeing wool, silk, or 
cotton, of a fine yellow colour. Having mixed one part of 
sulphur, 2 parts of white arsenic, and 5 of potash of commerce, 
melt them in a crucible at a heat near (hat of redness. The 
yellow mass thus obtained is to be dissolved in hot water, and 
filtered. It is then to be diluted, and sulphuric acid poured into 
it, of suoh strength as to produce a fleecy precipitate of a superb 
yellow colour. This dissolves with facility in ammonia, and 
gives a yellowish liquor, into which is to be poured an excess 
of ammonia for the purpose of discolouring it entirely. Goods 
plunged into this solution come out colourless, care being taken 
that no metallic vessels are used ; but they assume a fine yellow 
as the ammonia evaporates. The colour is durable, and resists 
acids but not alkalies. (e/lnn. de Chim . et Phys . xii. 98.) 

1422. Laugier* and Klaproth found 


In realgar 100 arsenic united to 43,67 sulphur. composition. 

“ orpiment 100 u u 63,93 do. 


It appears therefore, that orpiment and realgar, are both sul- 
phurets of arsenic, containing sulphur in the proportions of 1 to 
1£, or 2 to 3. In orpiment, it may be observed, the sulphur is 
nearly double the oxygen in the arsenious acid. To agree with 
atomic proportions it ought to be exactly so. H. 2. 54.t 

1423. Sulphuric acid is slowly decomposed when boiled upon Suiphata. 
arsenic. Sulphurous acid is evolved, and difficultly soluble 
crystalline grains of sulphate of arsenic are deposited as the 
solution cools. $ 

1424. Arsenic forms alloys with most of the metals, and they 

are generally brittle. With potassium it forms a brownish com- Allo J«* 
pound, which, when put into water, evolves less hydrogen than 
pure potassium, in consequence of the formation of hydruret of 
arsenic. (1412.) With sodium, the alloy is either brown and of 
an earthy aspect, or grey and metallic, according to the propor- 
tions of the metals : water acts upon it as upon the former. 
(Gay-Lussac, and Thenard, Recherches Physico- Chimiques. 

Tom. 1.) The alloy of arsenic and manganese is not known. 

With iron, zinc, and tin, it forms white brittle compounds ; with 
copper it forms a white malleable alloy ; with lead, a brittle 

• Am. de Chim. et Phye. v. 179. 

t Solphurst of Anomic and Iron it found native in nuj parts of Europe. It is of a more silvery 
eeloor then iron pyrites, and when heated exhales the odour of arsenic. It is called arsenical pyrites, 
or wtis-picktl 

t Phosphor et of Arsmie is formed by hettiof the metal, or its oxide, with phosphorus ; it is grey 
••d brittle, Neither the Hypopkusphite nor Phosphite of Arsenic have been eipmioed. Phosphate 
if Amnio is formed in dificolUy soluble crystalline grains, by boiling white arsenic in phosphoric 
•cid. 
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compound of lamellar texture; with.antimony, the alloy is brit- 
tle, hard, and very fusible. It combines with bismuth, and 
probably with cobalt ; but these alloys have not been examined. 

1425. Arsenic is used in a variety of the arts. It enters into 
metallic combinations, wherein a white colour is required. 
Glass manufacturers use it; but its effect on the composition of 
glass does not seem to be clearly explained. U. 179. 

1426. The separation of arsenic from other metals may gene- 
rally be accomplished by deflagration with nitre, by which it is 
acidified, and die arseniate of potassa may afterwards be washed 
out by hot water. 

1427. As arsenic, either accidentally or intentionally taken, 
is a very frequent cause of death, and often the subject of judi- 
cial inquiry, it becomes of importance to point out the roost ef- 
fectual modes of discovering its presence. Where arsenic proves 
fatal, it is very seldom found in the contents of the stomach 
after death, but is generally previously voided by vomiting or by 
stool ; and we often can detect it in the matter thrown off the 
stomach, in the form of a white powder, subsiding in water. 
The inflammation of stomach which results is generally a secon- 
dary effect, and takes place equally, whether the poison be 
swallowed or applied to a wound. 

If minute quantities of white powder be detected, however, 
in the stomach after death, or in the matter vomited, it is to be 
carefully collected, and treated as follows : 

Concentrate by heat in a capsule the suspected poisonous 
solution, having previously filtered it if necessary. Indeed, if 
it be very much disguised with animal or vegetable matters, it 
is better first of all to evaporate to dryness, and by a few drops 
of nilric acid to dissipate the organic products. The clear liquid 
being now placed in the middle of a bit of glass, lines are to 
be drawn out from it in different directions. To one of these 
a particle of weak ammoniacal water being applied, weak 
nitrate of silver may then be brushed over it with a hair pencil. 
By placing the glass, in different lights, either over white paper 
or obliquely before the eye, the slightest change of tint will be 
perceived. Ammoniaco-acetate of copper should be applied to 
another filament of the drop, deut-acetate of iron to a third, weak 
ammoniaco-acetate of cobalt to a fourth, sulphuretted water to a 
fifth, lime-water to a sixth, a drop of violet syrup to a seventh, 
and two galvanic wires at the opposite edges of the whole. 0 
Thus with one single drop of solution, many exact experiments 
may be performed. 

But the chief, the decisive trial remains, which is to take 
a little of the dry matter, mix it with a small pinch of dry 
black flux, put it into a narrow glass tube sealed at one end, 
and after cleansing its sides with a feather, urge its bottom 
with a blow-pipe till it be distinctly red-hot for a minute. 
Then garlic fumes will be smelt, and a steel-lustred coating 

* A roltaic battery, made to act oo a little arsentoos eolation placed on a bit of glees, develop*# 
metallic arseaic at the negative pole, and if thil wire be copper, it will be whitened tike tombec. 
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•f metallic arsenic will be seen in the tube about one-fourth 
of an inch above its bottom. Gut the tube across at that 
point by means of a fine file, detach the scale of arsenic with 
the point of a penknife ; put a fragment of it into the bottom of 
a small wine-glass along with a few drops of ammoniaco-acetate 
of copper and triturate them well together for a few minutes 
with a round-headed glass rod. The mazarine blue colour will 
soon be transmuted into a lively grass-green, while the metallic 
scale will vanish. Thus we distinguish perfectly between a 
particle of metallic arsenic and one of animalized charcoal. 
Another particle of the scale may be placed between two smooth 
and bright surfaces of copper, with a touch of fine oil; and 
whilst they are firmly pressed together, exposed to a red-heat. 
The tombac alloy will appear as a white stain. A third particle 
may be placed on a bit of heated metal,- and held a little under 
the nostrils, when the garlic odour will be recognized. No 
danger can be apprehended, as the fragment need not exceed the 
tenth of a grain* 

1428. It is to be observed that one or two of the precipitation 
tests may be equivocal from admixtures of various substances. 
Thus tincture of ginger gives with the cupreous reagent a 
green precipitate; — and Dr Ure was at first led to suspect 
from that appearance, that an empirical tincture, put into his 
hands for examination, did contain arsenic. But a careful anal- 
ysis satisfied him of its genuineness. Tea covers arsenic from 
the cupreous test. Such poisoned tea becomes by its addition 
of an obscure olive or violet red, but yields scarcely any precip- 
itate. Sulphuretted hydrogen, however, throws down a fine 
yellow sulphuret of arsenic.* 

1429. The true way of obviating all the sources of fallacy, is 
to evaporate carefully to dryness, and expose the residue to heat 
in s glass tube. The arsenic sublimes, and may be afterwards 
operated on without ambiguity. M. Orfila has gone into ample 
details on the modifications produced by wine, coffee, tea, broth, 
kc. on arsenical tests, of which a good tabular abstract is given 
in Mr Thomson’s London Dispensatory. But it is evident that 
the differences in these menstrua, as also in beers, are so great 
ts to render precipitations and changes of colour by reagents 
very unsatisfactory witnesses, in a case of life and death. Hence 
the method of evaporation above described should never be 
neglected. Should the arsenic be combined with oil, the mixture 
ought to be boiled with water, and the oil then separated by the 

* Dr Cooper finds a solution of chromate of Potassa to be one of the best tests of arsenic. One drop 
istwaad green by the (earth of a grabs of arsenic, by two or three drops of Fowler’s solatioa or any 
anaaito of potassa. The arseniooa acid takas oxygen fro® the chromic, which iscomrerted into 
**A *f chrome. To exhibit the offset, take fire watch glasses, pot on one, two or three drops of a 
watery solatioa of white arsenic ; on the second, as much arsenite of potassa ; oo the third, me fourth 
af a grain of white arsenic in aobatanee ; on the fourth, two or three drops of solution of corrosive sub- 
katata; on the fifth, two or throe drops of n solution of copper. Add to each three or four drops of a 
"■Mon of chromate of potassa. In half an hour a bright dean grass green ceioar will appear in own- 
ers 1,2,9, unchangeable by ammonia; number 4 will instantly exhibit an arsoge precipitate ; and man* 
bar Sa green, which a drop af ammonia will instantly change to bine. Amor. Jonr. of Science, 4, 1M. 
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capillary action of wick-threads. If with resinous substances, 
these may be removed by oil of turpentine, not by alcohol, (as 
directed by Dr Black), which is a pood solvent of arsenious acid. 
It may moreover be observed that both tea and coflee should be 
freed from their tannin by gelatin, which does not act on the 
arsenic previous to the use of reagents for the poison. When 
one part of arsenious acid in watery solution is added to ten 
parts of milk, the sulphuretted hydrogen present in the latter, 
occasions the white colour to pass into a canary yellow; the 
cupreous test gives it a slight green tint, and the nitrate of silver 
produces no visible change, though even more arsenic be added; 
but the hydro-sulphurets throw down a golden yellow, with 
the aid of a few drops of an acid. The liquid contained in the 
stomach of a rabbit poisoned with a solution of 3 grains of 
arsenious acid, afforded a white precipitate with nitrate of silver, 
greyish-white with lime-water, green with the ammoniaco*sul- 
phate, and deep yellow with sulphuretted hydrogen water. 
U. 18.* 


Section XXIV. Molybdenum . 

1430. The sulphuret is the most common natural compound 
of this metal. To procure the metal, the native sulphuret is 
powdered and exposed under a red hot muffle, till converted 
into a grey powder, which is to be digested in ammonia and 
the solution filtered and evaporated to dryness. The residuum 
is dissolved in nitric acid, re-evaporated to dryness, and violent- 
ly heated with charcoal. 

1431. Molybdenum has a whitish yellow colour, but its frac- 
ture is a whitish grey. It has not, hitherto, been obtained m 
any form, but that of small brittle grains. It is almost infusible 
by any artificial heat. Its specific gravity, according to Hielm, 
is 7.4 ; according to Bucholz, it is as high as 8.6. 

1432. Molybdenum and Oxygen. — When exposed to be* 
and oxygen molybdenum is acidified, a white crystalline subli- 
mate of molybdic acid being formed. 

There are two other compounds of molybdenum with oxygtfb 
the one brownish black , obtained by heating molybdic *ci 
with charcoal ; the other blue, and procured by immersing h Q 
in solution of molybdic acid ; 

the black oxide consists of 47 M. + 8 oxygen 
the blue (molybdous acid) 47 M. + 16 
the white (molybdic acid) 47 M. + 24 

• The reader it referred for farther particulars on this subject to Hsnry** Element* if 
Vol. ii. p. 669, 9th edit. : to^furroy’i System, Vol. sit. p. 441,4th edit. : to Dr. Betteck » 
the Edinb. Med. and Surg. Journal* Vol. y- p. 166 : to Mr Hum*** Estay, ia the Pbd 
atxxiii. } aad London Med . and Phy* Journal* ^ol. xzui. : to Dr Morcet'i Pnp r » * B ***, y«l. 
Ckirurg cal Transaction*, Vol. ii. : to Mr Sylvester 1 * Observation* ia JV* tchalso’ 1 '* J ^ 

xxxiii ; to B*ek*» Medical Jurisprudence* Vol. ii. : and to Dr TraiWs Paper, ia Baton J 
Philos. 1. 643.. 


(protoxide) 
(Deutoxide) 
(Peroxide T.) 
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Mr Hatchett, in his Experiments on the native Molybdates 
of Lead , concludes the metal to be susceptible of four degrees 
of oxidizement.* 

The above numbers are taken from the analyses of Bucholz, 
corrected by some experiments of my own (Br&nde) on the 
molybdic acid ; our results are very nearly similar. 

1433. The oxide, consisting of one atom of metal and one 
atom of oxygen, remains to be investigated. According to Dr 
Thomson, it may be obtained by dissolving molybdic acid in 
ammonia, evaporating to dryoess, and exposing the dry mass, 
covered with charcoal powder, to a white heat in a covered 
crucible. The oxide will be found at the bottom of a crystal- 
lized shape, and of a copper brown colour. It is incapable of 
forming salts with acids.t 

1434. To obtain molybdic acid, the native sulphuret should rtowbafc 
be triturated, to reduce it, as far as possible to powder, and dis- 

tilled with three or four parts of nitric acid, to dryness. This 
operation should be repeated, till the ore is converted into an 
uniform white mass, which consists of molybdic, nitric, and 
sulphuric acids ; the two latter may be expelled by a red heat, 
in a platinum crucible, and the remaining molybdic acid 
repeatedly washed with boiling water, in which it is little solu- 
ble, will be nearly pure. It may be rendered perfectly pure by 
solution in ammonia, precipitation by nitric acid, and exposure 
to heat 

1435. The molybdic acid, thus procured, is a white powder, ftopetti «•. 
of the specific gravity of 3,46, and requiring 960 parts of boiling 
water for its solution, which is yellow, reddens litmus, but has 

no sour taste. Heated to redness iu an open vessel, it slowly 
sublimes, and condenses in brilliant yellowish scales. It dis- 
solves in hot sulphuric acid, forming a solution which is colour- 
less while hot, but on cooling acquires a blue colour, which is 
heightened by the addition of soda. Its muriatic solution is 
pale yellowish green, but becomes blue when saturated by 
potassa. — Hatchett, Phil . Trans . 1796. 

1436. The molybdous and molybdic acids unite with salifiabla 
bases, and form distinct classes of salts. The latter acid is 
changed into the former, by some of the metals that power- 
fully attract oxygen. Thus a solution of molybdic acid, in 
which a small rod of tin or zinc is immersed, becomes blue, in 
consequence of the partial disoxygenation of the acid ; and on 
the same principle recent muriate of tin throws down from 
molybdate of potassa, a fine blue precipitate. The molybdic 
acid decomposes the nitrates of silver, mercury, and lead; and 
the nitrate and muriate of baryta. H. 2. 57. 

1437. Molybdate of Ammonia is not crystallizable, and *<>*«•* #f 
when heated to redness the ammonia is driven off, and the acid ■■wonfa, 
converted into oxide of molybdenum. — Bucholz, Gehlen's 
Journal , iv. 616. 


•Phil. Twim 
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1438. Molybdate of Potassa is formed by digesting the acid 
in potassa; or by heating to redness two parts of nitre with one 
of molybdic acid, and lixiviating the mass. The solution yields 
smalt rhomboidal crystals by evaporation, and affords a precip- 
itate of molybdic acid, to muriatic, nitric, and sulphuric acids. 

1439. Molybdate of Soda is more soluble than molybdate of 
potassa, and furnishes permanent and transparent crystals. In 
obtaining both these salts, a deposit of a yellowish powder ensues, 
which is probably a bimolybdate of potassa and of soda. 

1440. Native Molybdate of Lead occurs principally in crys- 
tals of different shades of yellow. According to Mr Hatchett’s 
analysis* it contains 38 molybdic acid + 58,4 oxide of lead ; and 
these numbers closely correspond with its theoretical composi- 
tion, which should be 1 proportional of molybdic acid = 71+1 
proportional of oxide of lead =112. 

1441. Molybdate of silver , of mercury . of lead , and of nickel, 
may be procured by adding molybdic acid to the respective 
nitrates of these metals. 

1442. Sulphuret of Molybdenum is a sectile compound of a 
metallic lustre, composed of 47 M. + 32 S. 

The native sulphuret rarely occurs crystallized ; generally 
massive, and made up of easily separable laminae. It is soft and 
unctuous to the touch, and in colour much like lead. It is found 
in primitive rocks ; generally in granite, and with quartz. 


Section XXV. Chromium . 

1443. Chromium was discovered by Vauquelin in 1797. It 
may be obtained by intensely igniting its oxide with charcoal. 
Its colour resembles that of iron, and its specific gravity is 5,9. 
It is brittle and difficult of fusion. 

1444. Chromium and Oxygen. — When chromium is expos- 
ed to the action of heat and air, it combines with oxygen, and a 
green protoxide is obtained. This oxide easily dissolves in 
acids. 

1445. Native Protoxide of Chromium has been found in 
France, in the department of the Rhone, in the form of a green 
incrustation. It is the colouring matter of the emerald, and 
exists in a few other minerals. 

1446. When nitrate of chromium is decomposed at a red heat, 
an insoluble brown deuloxide is formed. It does not dissolve 
in the acids; but when heated with muriatic acid, chlorine is 
evolved, and a muriate containing the protoxide, is formed. 

1447. Peroxide of Chromium , or Chromic acid , is most 
easily procured by the decomposition of the native chromate of 
lead , which may be effected by reducing it to a very fine pow- 
der, and boiling it in a solution of potassa or soda. An orange- 
coloured solution of the alkaline chromate is .thus formed, to 

• J'bil. Trent* J796. 
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which sulphuric acid is to be added. On evaporation crystals 
of chromic acid are formed, along with the sulphate of soda or 
of potassa. Or the acid may be obtained by adding nitrate of 
baryta to the chromate of potassa and subsequently decompos- 
ing the chromate of baryta which falls by sulphuric acid. 

Chromate of iron, however, from the great plenty in which 
it is found, is a much cheaper source of chromic acid. After 
reducing it to fine powder, it is to be mixed with half its 
weight of nitrate of potassa, and heated strongly for an hour or 
two in a crucible. The mass is to be repeatedly digested with 
water, and the coloured liquids, which are slightly alkaline, satu- 
rated with nitric acid, and concentrated by evaporation, till no 
more crystals of nitre can be obtained from them. The yellow 
liquid being now set aside for a week or two, deposits a copious 
crop of yellow crystals in small needles. These are to be sepa- 
rated, dissolved in water, and crystallized over again. They 
are then sufficiently pure chromate of potassa. From the solu- 
tion of these crystals, or indeed from the yellow liquid, nitrate 
of mercury throws down a red powder, which is chromate of 
mercury. When sufficiently heated, this compound is decom- 
posed, and yields chromic acid or chromic oxide, from either 
of which metallic chromium may be obtained by heating it vio- 
lently with charcoal in a crucible. H. 2. 58. 

1448. Chromic acid is of a red colour; its taste is sour and 
metallic, and it may be obtained from its aqueous solutions in 
prismatic crystals, of a ruby colour. When heated red hot, it 
gives out a portion of oxygen, and becomes the green protoxide; 
it imparts colour to the ruby. 

1449. Native Chromate of Iron has been found in small 
crystalline grains, of an octoedral form. It commonly occurs 
massive, of a black colour, with a slight metallic lustre, and 
hard enough to cut glass. It has been found in Siberia, France, 
and America, and has become useful in the arts, as a source of 
some fine pigments. 

1450. Native Chromate of Lead is a very rare mineral, 
hitherto only found in the Uralian mountains in Siberia ; it 
occurs in crystals of a fine orange red colour. 

1451. The composition of the oxide and acid of chromium 
has not been determined by direct experiments ; but from the 
analysis of chromates of lead and baryta, it would appear that 52 
is the equivalent number for chromic acid. Now Berzelius 
assigns to the acid double the quantity of oxygen that exists in 
the oxide, and it is probable that chromic acid consists of one 
atom of metal + 3 atoms of oxygen. Deducting 24 from 52, we 
obtain 28 for the atom of chromium, and 28 + 12 = 40, for that 
of the protoxide. H. 

1452. Chromate of Potassa crystallizes in four-sided slender 
prisms, terminated by dihedral* summits. Their colour is an 
intense lemon yellow, with a slight shade of orange. The col- 
ouring power of this salt is so great that 1 grain in 40,000 grains 
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of water forms a solution which is perceptibly yellow. Its taste 
is cooling, bitter, and very disagreeable, remaining long in the 
mouth. One hundred parts of water at 60° dissolve about 48 
parts, but boiling water dissolves almost any quantity. It it 
insoluble in alcohol. Its solution in water decomposes most of 
the metallic salts ; those of lead of a beautiful yellow colour, 
now much used as a pigment ; those of mercury of a fine red ; 
copper and iron reddish brown ; silver, dark red. According to 
Dr Thomson, chromate of potassa is composed of 


1 atom of chromic acid . . ...... = 52 

1 do. of potassa ... =*48 


100 H. 

pi chronti. 1^53. Bi-chromate of Potassa . — When to a solution of 
these crystals in water, such a quantity of sulphuric acid is added, 
as to give the liquor a sour taste, and it is set aside for 24 hours, 
small regular needles are deposited ; or sometimes rectangular 
tables of considerable size, and of a beautiful orange red colour. 
These crystals are the bi-chromate of potassa . They are 
much less soluble in water than the chromate ; for 100 parts at 
60° Fahr. dissolve only about 10 parts. The solution has an 
intense orange colour, and reddens vegetable blues. This salt is 


composed of 

2 atoms of chromic acid*= 104 68,421 

1 atom of potassa . . . = 48 31,579 


152 100. H.2.59. 


charmcten *r 1454. The chromates of ammonia, soda, lime, and magnesia 

yjjjjjjjj* are soluble and crystallizable, and of an orange colour. The 
uiMfe, ice. chromates of baryta and strontia are difficultly soluble, and may 
be formed by adding chromate of potassa or soda to their solu- 
ble saline compounds. The other insoluble metallic chromates 
may be formed in the same way, and their colours, which are 
various and beautiful, often enable us to judge of the nature of 
the metal present. Thus chromate of soda forms insoluble pre- 
cipitates in solutions of silver, mercury, lead, copper, iron and 
uranium ; the colours are crimson, red, orange or yellow, apple- 
green, brown, and yellow. It forms no precipitate in solutions 
of nickel, zinc, tin, cobalt, gold, or platinum ; whence perhaps, 
it may be inferred, that the chromates of the latter metals are 
soluble. 

The chromates are decomposed by muriatic, nitric, and sul- 
phuric acids. Muriatic acid, heated with the chromates, evolves 
chlorine, the chromic acid being reduced to the state of oxide.* 
1455. The principal use to which chromium has been applied, 
£ ICi< is the preparation of the beautiful pigment, chromate of lead, 
known in commerce by the name of chrome yellow . It is pre- 

• The meet correct details reapecting the chromate, that hare been published are to be fooud *■ 
Vaaqnelin’s Ettmy Annales d* Chimi e, lzx. 
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pared by mixing the solutions of chromate of potassa and nitrate 
or acetate of lead. Nineteen parts of bi-chromate of potassa 
decompose 41,5 of dry nitrate of lead. The insoluble com- 
pound consists of 1 atom of chromic acid 1 atom of protoxide 
of lead. (Thomson.) It appears probable, also, from the expe- 
riments of Lassaigne* that chromium admits of being success- 
fully applied to the arts of dyeing and calico-printing ; and in 
the latter very striking effects have already been produced on 
the large scale. H. The green oxide of chromium is occasion- 
ally used in porcelain and enamel painting. 


Section XXVI. Tungsten . 

1456. Tungsten, or Tungstenum, signifies a heavy stone, 
and is a name given by the Swedes to a mineral, which Scheele 
found to contain a peculiar metal, as he supposed in the state of 
an acid, united with lime. The same metallic substance was 
afterwards found by Don d'Elbuyarts united with iron and 
manganese in wolfram.t 

1457. The metal is obtained by exposing a mixture of tungstic 
acid and charcoal to a strong heat It is difficult of fusion, very 
hard, brittle, and of an iron colour. Its specific gravity is 17,5. 
By the action of heat and air, tungsten is converted into an 
oxide which is of a yellow colour. It has been called by some 
Scheelium , by others wolframium . 

Wolfram is found in primitive countries generally accompa- 
nying tin ores; its colour is brownish black ; it occurs massive 
and crystallized, its primitive form being a rectangular parallel- 
opiped. It abounds in Cornwall. It may be decomposed by 
ignition with three times its weight of nitre ; the fused mass, 
digested in boiling water and filtered, furnishes a solution, which 
upon the addition of muriatic acid, gives a precipitate regarded 
by Scheele as tungstic acid, but which in fact is a compound of 
muriatic and tungstic acids and potassa. Dissolve this in boil- 
ing carbonate of potassa, precipitate by muriatic acid, wash the 
precipitate, and digest it in nitric acid. Then wash and dry it, 
and it is pure tungstic acid. J 

1458. Native Tungstate of Lime h a whitish semi-transpa- 
rent substance, found in England, Saxony, Bohemia, and Swe- 
den, and occurring crystallized and massive. Its most usual 
form is the octo£dron. It may be decomposed by fusion with 
four parts of carbonate of potassa, the fused mass is digested 
in about twelve parts of boiling water, and filtered. Nitric acid 
precipitates the peroxide. 

* Ana. dc China. «t Pbjs. shr. 199, xv. 76, and xri. 409. 
t Aaa. da Chan, at Pkjs. iii. 161. 
t Baeholx, at qootad bj Tbontoa, Sytttm, ii. 171. 
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Tungstate of lime was found by Klaproth to consist of 77,75 
acid + 22,25 lime ; hut Berzelius states its components to be 
80,4 acid + 19,6 base. 

f 1459. There are two oxides of tungsten, the brown, aqd the 
yellow or tungstic acid. 

1460. The brown oxide is formed by transmitting hydrogen 
gas over tungstic acid in an ignited glass tube. It takes fire 
when heated in the air, and burns like tinder, passing into 
tungstic acid. 

This oxide appears to be composed of 16,564 oxygen and 100 
metal.* It does not unite with acids or bases. 

Tungstic acid may be obtained from wolfram by the follow- 
ing process. The wolfram, cleared from its siliceous ganguc, 
and pulverised, is heated in a matrass with five or six times its 
weight of muriatic acid, for half an hour. The oxides of iron 
and manganese being thus dissolved, we obtain the tungstic acid 
under the form of a yellow powder. After washing it repeat- 
edly with water, it is digested in an excess of liquid ammo- 
nia, and heated, which dissolves it completely. The liquor is 
filtered and evaporated to dryness in a capsule. The dry resi- 
due being ignited, the ammonia flies off, and pure tungstic acid 
remains. If the whole of Ihe wolfram has not been decomposed, 
it must be subjected to muriatic acid again.t 

1461. Tungstic Acid, or Peroxide of ^Tungsten, is taste- 
less and insoluble in water; its specific gravity is 6. When 
violently heated, it becomes green, grey, and black, probably 
from the loss of oxygen. It combines with several of the metal- 
lic oxides, and was found by Guyton to give considerable per- 
manence to vegetable colours ; hence it probably might prove 
useful in the art of dyeing, were it more abundantly procurable. 

The tungstic acid is composed, according to Bucholz of 100 
tungsten and 25 oxygen , X or 80 + 2.0 ; supposing the acid to 
consist of an atom of metal and 3 atoms of oxygen this would 
give 96 for the equivalent of tungsten, and 120 for that of tung- 
stic acid. H. 

1462. Tungsten and Chlorine . Sir H. Davy found that 
metallic tungsten burns with a deep red light when hpated in 
chlorine, and produces a white substance which is decomposed 
by the action of water, into tungstic and muriatic acids. M- 
Wohler§ has shown the existence of three compouuds of chlorine 
and tungsten. 

When metallic tungsten is heated in chlorine, it takes fire and 
burns into a chloride, with a minimum of chlorine. The com- 
pound appears sometimes as delicate fine needles, of a deep red 
colour resembling wqol, but more frequently as a fused deep- 
red compact mass, with the brilliant fracture of cinnabar. 

* Berzelius as quoted by Tbenard, 2. 566, and Ann. de Cbim. et Phya. xvii. 16. 

f Tbenard, Trait*, 2. 400 edit 4. U. 1 14. 

t Tbenard, 2. 401. $ Ann. de Cbim. 29. 43— Philo*. w * 263 ‘ 
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When heated, it fuses, boils, and yields a red vapour. In water 
it gradually decomposes, producing muriatic acid and oxide of 
tungsten. This compound dissolves in solution of pure potassa, 
evolving hydrogen, forming chloride of potassium, and tung- 
state of potassa. Similar effects take place in ammonia. 

1469. When the black oxide is heated in chlorine in a tube, 
combustion takes place, dense fumes are formed, which ulti- 
mately produce a thick sublimate of white scales, resembling in 
appearance native boracic acid ; this is the perchloride of tung- 
sten. In the air it gradually becomes tungstic and muriatic 
acids : the change is more rapid in water. It is volatile at a 
low temperature, without previously fusing. Heated on platina 
foil it is also decomposed into muriatic and tungstic acid. 

1464. The third compound, on the composition of which no 
experiment has been made, is generally formed at the same 
time with the perchloride, but in small quantity. It has been 
obtained by heating the sulphuret of tungsten in chlorine. 
This is the most beautiful compound of all, existing in long 
transparent crystals, of a fine red colour ; it readily fuses, and on 
cooling crystallizes in long needles. It is volatile, and instantly 
changes in contact with the air into tungstic acid. Thrown into 
water it swells like caustic lime, disengages heat, a slight noise 
is heard, and it is instantly changed into tungstic acid.* 

1465. Berzelius has lately examined the Sulphuret of tung- 
sten , with the view of determining the capacity of saturation of 
that metal. He heated tQgether one part of powdered tungstic 
acid, and four of sulphuret of mercury. The latter metal was 
expelled and a blackish grey compound remained, not unlike 
sulphuret of copper. On analysis it afforded 


Atoms. 

Tungsten 74,891 .... 100 .... 1 = 96 

Sulphur 25,109 .... 35,53 . . 2 = 34 


100, 130 

One hundred parts of the sulphuret, calcined so as to expel 
the sulphur and oxidize the metal, gave 93,5 of tungstic acid ; 
and as that quantity of acid must contain 74,891 metal, 100 
should contain 80,09, which agrees with the experiment of 
Bucholz. It may be remarked, that the sulphur in the sulphu- 
ret is rather more than double the oxygen in the new oxide 
obtained by Berzelius, but the difference is not greater than may 
bo accounted for by the unavoidable errors of the experiments. 
Consisting of two atoms of sulphur and one of metal, it is in 
fact to be considered as a bi-sulphuret of tungsten. H. 2. 63. 

Some of the tungstates have been examined by Scheele, and 
others by Vauquelin and Hecht,t but their history remains very 
imperfect 

1466. Tungstate of Ammonia is procured in crystalline 
acales, of a metallic taste, by digesting the acid in ammonia or ita 

*X. WbJkfc f Journal dot Mioc» f No. 19 . 
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carbonate. It contains, according to Vauquelin, 78 of acid, and 
22 ammonia and water. 

1467. Tungstate of Potassa is uncrystallizable and deli- 
quescent. The acids occasion precipitates in its solution, which 
are triple compounds of tungstic acid, potassa. and the acid used 
as precipitant. The M trotungstate of Potassa is die salt 
originally described by Scheele as tungstic acid. It dissolves 
in 20 parts of water, at 212°, and reddens litmus. 

1468. Tungstate of Soda crystallizes in hexa$dral tables, 
soluble in 4 of cold, and 2 parts of boiling water, and of an 
acrid taste. Sulphuric, nitric, and muriatic acids occasion pre- 
cipitates, as in the tungstate of potassa. 

1469. Tungstate of Lime , of Baryta , and of Strontia, are 
insoluble white compounds. 

1470. Tungstate of Magnesia is obtained by boiling the 
acid with magnesia, filtering, and evaporating ; it crystallizes in 
pearly scales. . The acids produce precipitates of triple com- 
pounds in its solution. 

1471. Tungstate of Manganese , formed by adding tungstate 
of potassa to muriate of manganese, is an insoluble white pow- 
der.* Tungstate of Iron is also insoluble : Tungstate qf 
Zinc and of Tin have not been examined, nor have any of the 
remaining tungstates been examined in their pure state. 

The remaining compounds of tungsten have scarcely been 
investigated, and appear of little interest or importance. 


Section XXVII. Columbium . 

1472. This metal was discovered in 1801, by Mr Hatchett, 

in a black mineral in the British museum, which had been sent 
by Gov. Winthrop to Sir Hans Sloane, from the vicinity of 
New-London in Connecticut. # . 

By alternate fusion with potassa, and digestion in muriatic 
acid, the mineral was decomposed ; the acid combining with 
oxitje of iron, and the alkali with a peculiar metallic acid, sepa- 
rable by the addition of diluted nitric acid, which threw down 
a copious white sediment 

1473. A metal analogous in its properties to columbium, was 
discovered by Mr Ekeberg, a Swedish chemist, in two different 
fossils, called Tantalite and Yttro-tantalite. To this metal b® 
gave the name of tantalum. 

1474. Tantalite is chiefly found in octogdral crystals* and m 
masses of a black or grey colour, in Finland. Its specific gr* v * 
ity is 7.9, and it contains, according to Ekeberg, SO oxide o 
columbium ; 12 oxide of iron ; 8 oxide of manganese. 

1475. Yttro-tantalite is found in Ytterby, in Sweden. 1 
contains about 45 per cent, of oxide of columbium. Its c °l our 
is dark grey, its lustre shining and somewhat metallic* 

* John, Geblea’s Journal* if. 
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Dr Wollaston examined these and the original mineral in 
the British museum, and demonstrated the identity of colum- 
bium and tantalum. As the former name was given to this 
body by its original discoverer, it is here retained. 

1476. Columbium may be procured from columbite or tanta- 
lite, by the following process : Mix 5 parts of the finely-pow- 
dered mineral with 25 of carbonate of potassa, and 10 of borax ; 
fuse the mixture, and when cold digest it in muriatic acid ; 
this dissolves every thing except the oxide of columbium, 
which remains in the form of a white powder.* From 5 grains 
of columbite. Dr Wollaston obtained 

Oxide or columbium 4 grams 

■ iron . . . . ) 

manganese J 

From 5 grains of tantalite he procured 

Oxide of colnmbium 4$ grains 
iron ■ . • . i 
* — manganese fa 

1477. Berzelius is the only person who has obtained metallic 
eolumbium. His method consisted in introducing the oxide, 
which had previously been strongly heated, into a cavity about 
one inch and a half deep, and of the diameter of a goose-quill, 
artificially formed in a piece of charcoal. To this cavity a stop- 
per of charcoal was fitted, and the whole inclosed in a Hessian 
crucible was exposed to a violent fire during an hour. H. 2. 66. 
He describes it as having the colour of iron, very hard and 
brittle, and burning at a red heat into a whitish oxide. 

1478. The characters of white oxide of columbium are very 
well marked. It is nearly insoluble in muriatic, nitric, and sul- 
phuric acids ; it is very soluble in potassa, and carbonate of 
potassa ; 8 grains of the latter, fused with one of the oxide ren- 
der it soluble in water. It is much less soluble in soda, and only 
retained while hot. From the readiness with which this oxide 
combines with potassa Mr Hatchett called it columbic acid. 

1479. Columbate of Potassa , as appears from Mr Hatchett’s 
experiments, forms white glittering scales, like boracic acid. 
Acids precipitate the columbic acid from this solution. 

1460. Infusion of galls, added to the solution of columbate of 
potassa produces a very characteristic orange-coloured precipi- 
tate. Neither ferro-cyanate of potassa, nor hydrosulphurets, 
occasion any change. 

There is a character very peculiar to the oxide of columbium, 
which is its ready solubility, in tartaric, citric, and oxalic acids. 
In all these cases the newly precipitated oxide must be used, 
for when dried, it becomes very intractable. 

1481. According to Berzelius, 100 parts of columbium com- 
bine with 5,485 of oxygen ; so that the representative of th» 
metal will be 144, and that of the oxide 144 + 8 as 152. 

• Wollastoa, Pkil. Trmnt. 1809, p. 348. 
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Section XXVIII. Nickel. 

1488. Nickel is found native ; combined with arsenic ; and 
with arsenic acid. To obtain pure nickel, Dr Thomson has 
employed with success the following process, the outline of 
which was suggested to bim by Dr Wollaston. Reduce to 
coarse powder a quantity of the brittle reddish alloy, known in 
commerce by the name of sptus y which is chiefly a compound 
of arsenic and nickel ; pour upon it a quantity of dilute sulphuric 
acid; place the mixture in a Wedgwood’s evaporating dish, and 
add, at intervals, the quantity of nitric acid requisite to enable 
the acid to act upon the speiss. By this operation, a deep grass 
green liquid is obtained, while a considerable quantity of arse- 
nious acid remains undissolved. Decant the green liquid, and 
evaporate it till it is sufficiently concentrated to yield crystals, 
when it is to be set aside in a cool place. A deposite of beau- 
tiful crystals of sulphate of nickel will be obtained. By con- 
centrating the liquid still farther, more crystals of sulphate of 
nickel will fall ; but after a cerUin time the liquid, though its 
colour continues dark green, refuses to yield any more crystals 
of the sulphate. When evaporated still farther and set aside, a 
Very abundant deposite is made of an apple-green salt, which 
adheres very firmly to the evaporating dish, and which is a 
double salt consisting of sulphate of nickel and arseniate of 
nickel. Dissolve this in water, and pass a current of sulphuret- 
ted hydrogen gas through it, as long as any precipitate appears. 
Filter and evaporate again, when it will still be converted into aa 
apple-green matter. When this is dissolved in water, the liquid 
becomes opaque, owing to the separation of a quantity ofarseni- 
ous acid. The liquid, being filtered and again evaporated, 
yields crystals of true sulphate of nickel. For greater secu- 
rity, the whole of the sulphate of nickel, which has been ob- 
tained, may be rc-dissolved and crystallized a second time. 

The pure sulphate is next to be dissolved in water, and decom- 
posed by carbonate of soda. The carbonate of nickel, when well 
washed and dried, is a light green-coloured powder. To reduce 
the metal, this carbonate is to be made up into balls with a little 
oil, which is to be put into a Hessian crucible, and surrounded 
with powdered charcoal. A cover is to be luted on the cruci- 
ble, and it is to be exposed, for two hours, to the strongest heat 
that can be raised in a melting furnace. By this process, Dr 
Thomson has always obtained a button of pure nickel in the 
metallic state.* 

Dr Clarke, of Cambridge, (Eng.) has also shown that the 
crystals of nitrate of nickel, when placed in a cavity scooped out 
of a piece of charcoal, and exposed to the oxy-hydrogen blow- 
pipe, afford a bead of metallic nickel. This, however, is a pro- 

• Aao. of l'bilo« xir. 144. 
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cess obviously adapted to yield only very minute quantities of 
nickel.* H.2.155. 

1483. Nickel is a white metal, which acts upon the magnetic 
needle, and is itself capable of becoming a magnet. It is diffi- 
cultly fusible, but absorbs oxygeo readily when heated red-hot. 
It is malleable, and its specific gravity is about 8,5. 

1484. Nickel appears to be susceptible of two different states 
of oxidation. By long exposure to a red heat, with free access 
of air, it is converted into a dark brown oxide, which is still 
magnetic. In oxygen gas it burns vividly, and throws out 
sparks. 

1485. The protoxide of nickel is formed whenever nickel is 
dissolved in acids ; it is of an ash-grey colour, dissolves in acids 
and forms green solutions, from which alkalies throw down an 
apple £reen hydrate . This oxide, obtained by dissolving nickel 
in nitric acid, and gently calcining the product, consists of 

Atoms. 

Nickel . . • 83,34 100 .... I =40 

Oxygen • • 16,66 . . • . . 20 .... 1 = 8 


100, 120 48 

1486. The deutoxide is obtained by the action of chlorine on 
the protoxide, as pointed out by Thenard ; a current of chlorine 
g?s being passed through water in which the hydrate is suspend- 
ed. It is of a brilliant black colour, and has many analogies with 
peroxide of manganese, like which it gives off oxygen at a red 
heat and evolves chlorine from muriatic add. It is constituted of 

UtiMf 

Nickel . . . 71,43 100 .... 1 *40 

Oxygen . . 28,57 ..... 40 .... 2 * 16 

100, 140 56 

1487. The protochloride of nickel, obtained by evaporating to 
dryness a solution of nickel in muriatic acid, consists of 

Atoms. 


Nickel . • 

. 52,64 . . . 

, . . 100 . 

... 1 = 40 

Chlorine • 

. 47,36 . . . 

. . . 90 . 

... 1 ax 36 


100, 

190 

76 


1488. The deuto-chloride which sublimes when the forego* 
ing compound is bested, in light shining yellow crystals, is 
formed of 


Atoms. 


Nickel . . 

. 35,72 . . . 

. . 100 . 

. . . 1 SB 40 

Chlorine • 

. 64,28 . . . 

. . . 180 . 

... 2 = 72 


100, 

280 

72 


All these numbers concur in fixing the equivalent number of 
nickel at 40.t Dr Thomson from the composition of tbe sul- 

* Milo*, rfr.p. JS. f Lastaifae u qoot*4 by Het*y r S. IS. 


Proportion. 


OftiJos. 


Protoxidt. 


Dcutoiide. 


ChlorUe* 
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SULPHATE OP HICttL. 


Action of ni- 
tric and oitro* 
muriatic acid. 


Nitrate. 


Sulphur* t. 


phate of nickel makes the number for the metal 26, hydrogen 
being 1 * 

1489 Iodide of Nickel may be formed by adding solution of 
hydriodate of potassa to sulphate or nitrate of nickel ; it is of a 
greenish yellow colour, and insoluble. 

1490. The appropriate solvents of nickel are the nitric and 
nitro-muriatic acids. The nitric solution has a beautiful grass* 
green colour, and on evaporation affords rhomboidal crystals. 
Carbonate of potassa throws down an apple-green precipitate, 
which assumes a dark grey colour when heated. The fixed 
alkalies occasion a bulky greenish white precipitate, which is a 
hydrate or hydro-oxide of nickel 9 composed of 76 per cent of 
the protoxide and 24 water. 

When pure ammonia is added to nitrate of nickel a precipi- 
tate is formed, resembling that which is separated by ammo- 
nia from a solution of copper, but not of so deep a hue. This 
colour changes, in an hour or two, to an amethyst red, and to a 
violet; which colours are converted to apple-green by an acid, 
and again to blue and violet by ammonia. If the precipitate 
retain its blue colour, the presence of copper is indicated.! 
This precipitate, which is a hydrate, is re-dissolved by an ex- 
cess of ammonia; and by this property the oxide of nickel may 
be separated, in analyses, from those of almost all other metals. 
H. 2. 158. 

1491. Nitrate of Nickel is a green deliquescent salt, diffi- 
cultly crystallizable in rhomboids. The analyses of this salt are 
much at variance, but it probably consists of 1 proportional of 
each of its components. The crystals contain 3 proportionals 
of water. B. 

1492. Sulphuret of Nickel . Solutions of all the salts of 
nickel are decomposed by alkaline hydro-sulphurets, with 
which they form black precipitates ; but sulphuretted hydrogen 
has no effect on them. Nickel, may, however, be combined 
directly with sulphur by fusion, and forms a grey compound 
with a metallic lustre. 

The sulphuret consists of 


Nickel . . . 71,43 
Sulphur • . 28,57 


Atom. 

100 ... 1 = 40 
40 ... 1 = 16 


100 140 56 H. 2.671. 


1493. Sulphate of Nickel is formed by digesting the oxide 
p in dilute sulphuric acid. A bright green solution is formed, 
which affords quadrangular prismatic crystals, soluble in about 3 
parts of water at 60°, and which effloresce by exposure. Their 
taste is sweet and astringent. This salt is also obtained by 
heating common nickel in sulphuric acid with the occasional 
addition of nitric acid. 


• Jim PrUdp. taat. 


t Richter, iiiAfobW* J**** * 
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The crystallized sulphate of nickel contains 7 proportionals 
of water, 1 proportional of oxide, and 1 proportional of acid. 

1494. Sulphate of Ammonia and Nickel is formed by eva- 
porating a mixed solution of ammonia, and sulphate of nickel ; 
it forms four-sided prismatic crystals. 

1495. Sulphate of Potassa and Nickel is obtained by adding 
potassa to sulphate of nickel (not in excess,) filtering and evap- 
orating It forms green rhomboidal crystals. 

1496. Sulphate of Nickel and Iron is formed by dissolving 
the mixed protoxides in sulphuric acid. It is a green efflores- 
cent salt, in tabular crystals. 

1497. Sulphuretted hydrogel) and hydrosulphuret of ammo- 
nia produce a black precipitate of hydrosulphuretted oxide of 
nickel , when added to the solution of the metal. 

1498. Phosphate of Nickel being nearly insoluble, is pre- 
cipitated, upon adding phosphate of soda to a solution of nickel. 
It is of a pale green colour. 

1499. Carbonate of Nickel is precipitated in the form of a 
green powder, when carbonate of potassa is added to sulphate 
of nickel. It is probably a compound of 1 proportional of each 
of its components.* 

1500. Ferrocyanate of potassa occasions a very characteristic 
pale gray precipitate in dilute solutions of nickel : in concen- 
trated solutions the precipitate is pale green. 

1501. Arseniate of potassa, dropped into nitrate of nickel 
occasions the precipitation of a pale green arseniate qf nickel \ 

1502. The salts of nickel are distinguished by the fine green 
colour of their solutions, and by affording a green precipitate 
with ammonia, soluble in excess of that alkali, when it assumes 
a blue colour. The yellow green precipitate afforded by hydri- 
odate of potassa is very characteristic of nickel ; but the nicest 
test of its presence is the ferrocyanate of potassa, which pro- 
duces a pale grey or greenish white precipitate in all the solu- 
tions of the metal. 

1503. Of the Alloys of Nickel that with iron forms the prin- 
cipal metallic ingredient in those lapideous masses, which, in 
different countries, have fallen upon our globe, and which have 
been termed aerolites , or meteoric stones A 

1504. In meteoric iron the proportion of nickel varies con- 
siderably. In a specimen from the arctic region Mr Brande 
found 8,2 per cent| In that from Siberia Mr Children found 
nearly 10 per cent. The analysis may be performed by solution 
in nitro-muriatic acid ; the iron is thrown down by excess of 
ammonia in the state of peroxide, of which 100 grains indicate 
70 of metallic iron ; it is separated by filtration, washed and 

* B*raU of Jficktl is a pale green insoluble compound. 

t For no account of meteoric stones, masses of iron, dec. which hare fallen from the heavens, from 
the earnest period down to 1819, tea Edin. Philos. Jour. Vol. i. p. 281,— Sea also Cleaveland's Mio- 
«r*legy, p.m 

! Quarterly Journal, vi. 999. 
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dried, and on evaporating the filtrated liquor and heating its 
dry residue red-hot, the oxide of nickel is obtained, which 
should be re-dissolved in nitric acid and precipitated by pure 
potassa, the mixture being boiled for a few seconds. 100 
grains of this oxide of nickel are equal to 79 of metallic nickel.* 

1505. Meteoric iron has been imitated by fusing iron with 
nickel. The alloy of 90 iron with 10 nickel is of a whitish 
yellow cast, and not so malleable as pure iron. The aUoy with 
3 per cent, of nickel is perfectly malleable and whiterthan iron. 
These alloys are less disposed to rust than pure iron, but nickel 
alloyed with steel increases the tendency to rust.t 

1506. The remaining alloys of nickel have been little exam- 
ined. Nothing is known of its compounds with potassium, 
sodium, manganese, zinc, or tin. With copper it forms a hard 
white alloy, which appears to be the white copper of the Chi- 
nese. Its other alloys have not been examined. 

1507. To detect, in a general way, the presence of nickel in 
iron, Dr Wollaston recommends that a small quantity (which 
need not exceed of a grain) should be filed from the speci- 
men, dissolved in a drop of nitric acid; and evaporated to dry- 
ness. A drop or two of pure liquid ammonia, added to the 
dry mass and gently warmed, dissolves any nickel that may be 
present. The transparent part of the fluid is then to be led, by 
the end of a glass rod, to a small distance from the precipitated 
oxide of iron ; and the addition of a drop of triple prussiate 
of potassa detects the presence of nickel by the appearance of t 
milky cloud, which is not discernible in the solution of a simi- 
lar quantity of common wrought iron treated in the same 
manner. H. 2. 160. 


Section XXIX. Mercury. 

1508. Mercury, or quicksilver, is the only one of the metals 
that retains a fluid form at the ordinary temperature of the 
atmosphere. 

The principal ore of this metal is the sulphuret, or native 
cinnabar , from which the mercury is separated by distillation 
with quicklime or iron filings. 

1509. Mercury is a brilliant white metal, having muchoftbe 
colour of silver, whence the terms hydrargyrum , argentum 
vivum, and quicksilver . It has been known from very remote 
ages. It boils and becomes vapour at 670°. It also rises in 
vapour in small portions at the common temperature of the 
atmosphere, particularly in a vacuum. 

• Children, Q* arUrly Journal. ix. 924. 
t SfcxUrt and Findtj, Qi tarUrly Journal. 
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1510. When the temperature of mercury is reduced to about Free*io f . 
39° or 40° below zero of Fahrenheit, it becomes solid (132.) 

and malleable. 

By congelation it acquires an increase of specific gravity ; and, 
therefore, unlike other metals, the congealed portion sinks to 
the bottom of a fluid mass of mercury. Its specific gravity, 
at 47° above 0 of Fahreuheit, being 13, 545, it was found in- 
creased by congelation, in an experiment of Mr Biddle, to 
15,612, or about one-seventh. 

1511. Mercury is sometimes adulterated with the alloy of Adaption, 
lead and bismuth, a fraud easily detected by the want of its due ^detected. 
fluidity, and by its not being perfectly volatile, but leaving a 
residuum when boiled in a platinum or iron spoon. The best 

method of purifying mercury is to re-distil it in an iron retort.* 

1512. Mercury and Oxygen . — Mercury is not oxidized, 
when pure, at the ordinary temperature of the atmosphere but °* idel 
preserves the lustre of its surface unchanged for a considerable 
time. There are several methods, however, by which it may 

be brought to combine with oxygen. 

1513. There are two oxides of mercury. The blacky or pro- 
toxide, m&y be obtained by long agitation of the metal in contact Protollde * 
with oxygen, or by washing the chloride of mercury (calomel) 

with hot lime-water. It is iosipid, and insoluble in water, and 
was called in old pharmacy, Ethiops per se. t In this, the 
oxide is mixed, however, with much metallic mercury. 

1$i 4. The red or peroxide of mercury is produced by expos- 
ing the metal, heated nearly to its boiling point, to the action of p * roi,de - 
air. It becomes coated with reddish brown scales, spangles, 
ai.d crystals, and is ultimately entirely converted into a red 
shining mass, called in old pharmaceutical works, precipitate 
per se, or calcined mercury . It is the hydrargyri oxidum 
rubrum of the present London Pharmacopoeia. It is most ^ wohi1iin 
easily obtained by introducing into a flat-bottomed matrass, fig. 

120, about 4 ounces of mercury, and placing it in a sand balh, 
heated to the boiling point of the metal. In about a month’s 
time nearly the whole is converted into oxide. Air is freely 
admitted by the tube, while its length prevents the escape of 
mercurial vapour, which condenses and falls back into the body 
of the vessel ; the remaining portion of running mercury may 
he driven off by exposing it in a basin to a heat just below 
redness. 

1515. Peroxide of mercury has an acrid metallic taste, and 
is poisonous ; it dissolves very sparingly in water. When rr ° r ' rt:e *' 
heated, it acquires a black colour, but becomes again red on 
cooling; at a red heat it evolves oxygen, and is reduced to the 
metallic state. It should be entirely volatilized when placed 
upon a red-hot iron, for it is sometimes adulterated with red 
lead. 

* For Bore particular directions, see Ure's Dictionary, p. 680. 
t It is the Hydrargyri Oxidum cinertum of the U. S, Pharmacopoeia. 
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PKOTOCHLOHIDE OF MMHCUBT. 

1516. It is composed, according to Fourcroy and Thenard, 
of 100 metal and 8 of oxygen. Sir H. Davy, also, finds its 
oxygen to be exactly double that of th e protoxide, which, from 
his experiments, is composed of 190 mercury, and 7,5 oxygen, 
while the peroxide consists of 190 metal and 15 oxygen. Hence 
the protoxide is composed of 

Mercury 96,32 100 

Oxygen • • 3,78 . . . 3,947 

100 103,947 


And the peroxide of 

Mercury .......... 92,69 ....... ..... 100 

Oxygen 7,31 7,894 

100 107,894 

Mr Donovan finds that 100 parts of mercury take to form 
black oxide, 4,12 of oxygen; and, to form red oxide, 7,82. 
But the two last numbers, not being strictly coincident with the 
law of multiple proportions, one of them must be erroneous. 
Admitting the red oxide to consist of 7,82, for every 100 grains 
of mercury, the black must consist of 100 + 3,91. It will, 
perhaps, be sufficiently near the truth, if we admit, with Dr 
Wollaston, that, according to the original determination of 
Fourcroy and Thenard, confirmed by the recent experiments of 
Sefstrom,* the black oxide consists of 100 metal, united with 4 
of oxygen, and the red of 100 mercury + 8 oxygen. The latter 
number agrees, also with the experiments of Guibourt ; and the 
oxygen in the protoxide, though, from his analysis, it appeared 
to amount to oxygen upon 100 mercury ; may be safely 
taken at half that in the peroxide. This would make the atom 
of mercury to weigh 200, for 4 : 100 :: 8 : 200. 

Peroxide of mercury, Guibourt finds, is decomposed by long 
continued exposure to light. It is soluble in water, and com- 
municates to it the property of turning syrup of violets green, 
and of being precipitated by sulphuretted hydrogen. With 
ammonia, the peroxide forms an ammoniuret of mercury , de- 
composable by he&t. H. 2. 113. 

1517. Mercury unites easily with chlorine, and if heated in 
that gas, burns with a pale red flame. The product is identical 
with the salt, called corrosive sublimate , which in fict is a chlo- 
ride of mercury, and is termed per-chloride or bi-chloride to dis- 
tinguish it from calomel ,t another compound of the same ele- 
ments in different proportions. 

1518. Protochloride of Mercury, — This compound, com- 
monly termed calomel , is first mentioned by Crollius, early in 
the seventeenth century. The first directions for its preparation 

* Aon. of Philos. N. S. ii. 126 . 

f In the U. S. Pharmacopoeia the/ are termed evkmuriate of mercury and oaymmrimU qf mer- 
cury. 
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are given by Beguin, in the Tirocinium Chemicum, published 
in 1608. He calls it draco miiigatus . Several other fanciful 
names have been applied to it, such as aquila mitigata , manna 
metallorum , panchymagogum miner ale, sublimatum dulce, 
mcrcurius dulcis , fyc. 

The most useful mode of preparing calomel consists in tritu- M%ihoiot 
rating two parts of corrosive sublimate with one of mercury, preparing 
until the globules disappear, and the whole assumes the appear- c ^ omd * 
ance of an homogeneous grey powder, which is introduced into 
a matrass, placed in a sand heat, and gradually raised to redness. 

The calomel sublimes, mixed with a little corrosive sublimate, 
the greater part of which, however, being more volatile than the 
calomel, rises higher in the matrass ; that which adheres to the 
calomel may be separated, by reducing the whole to a fine pow- 
der, and washing in large quantities of hot distilled, water. 

Pure calomel, in the form of a yellowish white insipid powder, , 
remains. 

It was formerly the custom to submit calomel to very nume- 
rous sublimations, under the idea of rendering it mild ; but 
these often tended to the production of corrosive sublimate ; and 
the calomel of the first sublimation, especially if a little excess 
of mercury be found in it, is often more pure than that afforded 
by subsequent operations. 

1519. The following are the directions given in the last 
London Pharmacopoeia : 

“ Take of oxvmuriate of mercury, 1 lb. 

purified mercury, by weight, 9 oz. 

Rub them together, until the metallic globules disappear; then 
sublime : take out the sublimed mass, reduce it to powder, and 
sublime it in the same manner twice more successively. Last- 
ly, bring it to the state of a very fine powder; throw this into 
a large vessel, full of water; then stir it, and, after a short in- 
terval, pour the supernatant turbid solution into another vessel, 
and set it by, that the powder may subside. Lastly, having 
poured away the water, dry the powder.”* 

1520. It will be observed, that in these processes the opera- 
tion consists in reducing the perchloride to the state of proto- 
chloride by the addition of mercury. Various modes have, how- 
ever, been adopted for the direct formation of calomel : two of 
these may here be noticed, of which the first is in the humid way, 
as devised by Scheele and Ghenevix. They are given below.t 

* Powell', Translation ofths London Pharmacopeia , Lo n don,. MIS. p. 144 and 99. See alto U. 

*• riMrmacopmia. 141. 

f F ora a nitrate of mercury, by dissolving as much mercury as possible in hot nitric acid ; then dis* 
ttlve in boiling water a quantity of common salt, equal to half the weight of the mercury used, and 
render the solution sensibly sour by muriatic acid, and pour the hot nitrate of mercury into it. Wash 

dry the precipitate. 

If this process be carefully performed, and the precipitate thoroughly edulcorated, the calomel is 
aoficiently pore. 

The secood process, however, or that by which calomel is direcUy formed in the dry way, appears, 
ca the whole, the least exceptiooabla for the production of this very important article of pharmacy ; 

49 
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1521. Protochloride of mercury is usually seen in the fora 
of a white mass, of a crystalline texture, and when very slowly 
sublimed, it often presents regular four-sided prisms, perfectly 
transparent and colourless. Its specific gravity is 7 ,2. It is 
tasteless and very nearly insoluble in water* It can scarcely be 
called poisonous, since in considerable doses it only proves 
purgative. By exposure to light it becomes brown upon its 
surface. If scratched, it gives a yellow streak, which is very 
characteristic, and does not belong to the perchloride. When 
very finely levigated it becomes of a buff colour. 

It consists of 1 proportional of mercury 200 + 1 proportional 
of chlorine 36, and its representative number is 236. 

Or, Mercury ..... 85 • 100 568,2 

Chlorine ..... 15 .... . 17, 6 ... 100.* 


100 . 

1522. When a very small quantity of calomel (about 10 
grains) is well triturated with a little water, and then with a 
considerable quantity of liquid potassa, poured on it at once, an 
intensely black precipitate is obtained, which, when dried at a 
gentle heat, and rubbed in a mortar, affords about one-fourtb its 
weight of revived mercury. The remainder is the protoxide 
already described. H. 2. 115. 

1523. Per chloride of Mercury — Bichloride , or eorrorive 
sublimate^ may be obtained by a variety of processes. 

When mercury is heated in chlorine, it burns wkb a pale 
flame ; the gas is absorbed, and a white volatile substance rises, 
which is the perchloride. ' 

It may also be obtained by dissolving peroxide of mercury in 
muriatic acid, evaporating to dryness, re-dissolving in water, 
and crystallizing. 

1524. The ordinary process for making corrosive sublimate 
consists in exposing a mixture of chloride of sodium (common 
salt) and phosphate of mercury, to heat in a flask, or other 
proper subliming vessel ; a mutual decomposition ensues. The 
chlorine of the common salt unites to the mercury of the 
sulphate, and forms bi-chloride of mercury. The oxygen of 
the oxide of mercury converts the sodium of the salt into 
soda, which, with the Sulphuric acid, produces sulphate of 

if if the method followed at Apothecaries* Hall, sanction haring been obtained for its adoption from 
the College of Physicians. 

60 lbs of mercury are boiled with 70 lbs of sulphuric acid, to dryness, in a cast-iron raise! : 09 hs 
of the dry salt are triturated with 40 1-2 lbs of mercury, until the globules disappear, and 34 lbs of 
common salt are then added. This mixture is submitted to beat in earthen r esse Is, and from 95 to 100 
lbs of calomel are the re^fo. It it to be washed In large quantities of distilled water, after hariag 
been ground to e fine end impalpable powder. 

* JVattvo Chlond g qf Mmmry or moxuruU horn ore, has been found in Germany, France, and 
Spain, usually crystalline*, and sometimes in crus ting and masshre. 
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soda. This decomposition is exhibited by the following dia- 
gram : 


9 proportionals of 
COMDOll salt S3 

190 consist of 


1 proportional of perchloride of mercury = 272. 


Chlorine 73 


Mercury 200 


Sulphuric 

acid 


ric \ 


1 proportional of 
persulphate of 
mercury = 390 
consists of 


Sodium 48 


Oxygen 16 


3 proportionals of sulphate <M soda = 144.* 


1525. By the quantity of chlorine absorbed by a given 
weight of mercury, we learn that the perchloride of mercury 
consists of 1 proportional of mercury = 200 + 2 proportionals 
of chlorine = 72, consequently its representative number is 
272. 

1526. Perchloride of mercury is usually seen in the form of 
a perfectly white semi-transparent mass, exhibiting the appear- 
ance of imperfect crystallization. It is sometimes procured in 
quadrangular prisms. Its taste is acrid and nauseous, leaving 
a peculiar metallic and astringent flavour upon the tongue. It 
dissolves in 20 parts of water at 60°, and in about half its weight 
at 212°. It is more soluble in alcohol than in water. When 
heated, it readily sublimes in the form of a dense white vapour, 
strongly affecting the nose and mouth. It dissolves without 
decomposition in muriatic, nitric, and sulphuric acids : the al- 
kalies and several of the metals decompose it. It produces, with 
muriate of ammonia, a very soluble compound ; hence a solu- 
tion of sal-ammoniac is used with advantage in washing calomel 
to free it from corrosive sublimate. 

1527. Protochloride and perchloride of mercury are decom- 
posed by potassa, soda, and lime ; the former affords black , 
(hydrargyri oxidum cinereum of the London , and U. S. 
Pharmacopoeia,) the latter red , oxide of mercury ; and the 
chlorides of potassium, sodium, and calcium, are produced. 


* The following are the official direction of the London ( and U. S.) Pharmacopeia, for the pre- 
paration of corroeive sob Um ate, there termed oxymuriat e of mercury. 

** Take of purified mercury, by re eight, 1 lbs. 

■ ■ solphoric acid, by reeight, 30 ox. 

- — - dried muriate of soda, 4 lbs. 

BoO the marcury with the solphoric acid in a glass vessel, until the sulphate of mercery is left dry. 
Rah this whan it is cold with the muriate of soda in an earthen-ware mortar ; then sublime it in a glass 
c a - <o rt>it, increasing the beat gradually.**— Powell's Translation . 

The quantity of common salt employed in this process is obviously too large ; in practice, however, 
wo find that more than the real qoaotity decomposed, and shown in the above table, is required. 

The following is the process employed si Apothecaries' Hsll for the formation of corroaive subli- 
mate : 60 lbs of mercury are boiled to dryness with 70 lbs of sulphuric acid. 73 lbs of persulphate 
of mercury are that formed, which beiog perfectly mixed with 120 lbs of common salt and sublimed, 
yield from 63 to 66 lbs of corrosive sublimate. B. 
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PEBCHLOBIDE OF MEBCURT. 


The following diagrams shew the interchange of elements that 
takes place in the case of adding a solution of potassa to pro- 
tochloride and perch loride of mercury. , 


1 proportional of chloride of potassium = 76. 


1 proportional of 
protochloride of 
memory 390 


1 proportional of 
perehloride of 
mercury as 273. 


Chlorine 

36 

( 

+ 

Potassium 

40 

Mercury 

200 

+ 

Oxygen 

8 

1 proportional of protoxide of mercury as 208. 

2 proportionals of chloride of potassium = 102. 
/N 

Chlorine 

72 

+ 

Potassium. 

80 

Mercury 

200 

+ 

Oxygen 

16 


1 proportional of peroxide of mercury = 216. 


1 proportional of 
potassa = 48. 


2 proportional* of 
potam = 96 


1528. When solution of ammonia is poured upon calomel, 
protoxide of mercury, and muriate of ammonia, are the results; 
but ammonia, added to a solution of corrosive sublimate, occa- 
sions a white precipitate of a triple muriate of ammonia and 
mercury .* 

1522. Muriate of ammonia renders corrosive sublimate more 
soluble in water, one part rendering five parts soluble in rather 
less than five of water. By evaporation a triple salt is obtained, 
formerly called sal alembroth . The addition of potassa or soda 
throws down the above-mentioned white precipitate. Hence 
its use in washing calomel. 


* A compound of this kind hat 4oUf been used in pharmacy, under the name of eals kydrtrfyn 
nlba or white prtcipitatt. The Loudon and U. S. Pharmacopoeia, direct the follow inf piece* if* 
its formation : 

Take of oxymuriate mercury 1*2 lb. 

muriate of ammonia. 4 ox. 

■ ' ... ■ solution of snhcarbonate of potassa 1-2 pint. 

■ distilled water 4 pints. 

First dissolve the muriate of ammonia, then the oxymuriate of mercury, in the distilled water, and 
add thereto the solution of subcarbonate of potassa. Wash the precipitated powder until ttbecoK* 
tasteless : then dry it. 

Io the U. S. P. it is termed ffydrargyri Smbmuric* AmmonUius. 


Digitized by LjOOQle 



i 


PEKNITHATE OP MEBCUR7. 389 

1530. Chlorate of Mercury. — Chloric acid dissolves both chlorate. 1 

the oxides of mercury; the protochlorate has the appearance of { 

a yellowish granular powder, sparingly soluble in hot water, 

and of a mercurial taste. The perchlorate forms white acicu- 

lar crystals, having the acrid flavour of the perchloride.* i 

1531. Mercury and lod ne unite in two proportions, iodide. j 

These compounds may be procured either by gently heating | 

mercury with iodine, or by adding hydriotlic acid to solutions 

of mercury. The protiodide is yellow, and the periodide red. 

They respectively consist of 1 proportional of mercury + 1 of s 

iodine and 1+2 . They are both insoluble in water.t 

1532. Mercury and Nitric %ftcid . — Nitric acid is rapidly Nitrate*, 
decomposed by mercury ; nitrous acid, and nitric oxide gases 

are evolved, and either a protonitrate or a pernitrate of mercury ! 

is obtained, according to the mode in which the solution is 

performed. 

1533. Protonitrate of Mercury is best obtained by dissolv- 
ing the metal in a cold and dilute acid, consisting of one part 
of acid and three of water; the metal should be added in small 
successive portions until the acid ceases to act upon it, and care 
should be taken to keep the whole cold. This solution deposits 
transparent crystals which appear to be modified octoedra, and 
which consist of the protoxide of mercury combined with nitric 
acid. They are soluble without decomposition in cold water, 
and the solution affords black precipitates of protoxide upon the 
addition of the alkalies. 

1534. Pernitrate of Mercury . — When mercury is dissolved 

in hot and concentrated nitric acid, it becomes peroxidized, and * 

furnishes prismatic crystals of the pernitrate. Their solution 

furnishes yellow or red precipitates of the peroxide of mercury, 

upon the addition of potassa or soda, and ammonia forms a 

white precipitate which is a triple nitrate of mercury and 

ammonia . 

When the precautions in forming the nitrates above described 
are not attended to, the solution usually contains a mixture of 
the two nitrates, and furnishes a precipitate with the alkalies, 
composed of both oxides. The pernitrate is most certainly 
formed by dissolving the red oxide in nitric acid. 

1535. When hot water is poured upon pernitrate of mercury, 
a yellow insoluble powder separates from it, which is a subper- 
nitrate , the nitrous turpeth of old writers ; and a super-perni- 
trate remains in solution. It seems probable that the proto- 
nitrate is also capable of affording a sub and super nitrate, but 
all these compounds have hitherto been but imperfectly inves- 
tigated, and new researches are wanting to establish their nature 
and composition. 

* Vaoquelia, Annmlu <U Ckimit, id. 

f hdmto of Mtrcury, — Iodata of potaua occaaione a precipitate io protonitrate of mercury, but not 
‘■the penitratf. 
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CULMINATING MERCURY. 


Decomposed 
by heat. 


Fulminating 

mercury. 


If the protonitrate and pernitrate be composed of one pro* 
portional of each of the oxides with one of acid and with twi 
of acid, the following will be their component parts. 

208 protoxide 210 peroxide 

54 nitric acid 108 nitric acid 

262 protonitrate of M. 324 pernitrate of M. 

The subpernitrate has been analyzed by M. M. Braamcam 
and Oliva,* and they report its composition at 

12 acid 
88 peroxide 

100 

Ifits composition in theory be admitted as 2 proportionals <1 
peroxide = 432 + 1 proportional of nitric acid = 54, these num- 
bers are not much at variance with the above experimental 
result, thus, 88 : 12 : : 432 : 58. 

1530. When these nitrates of mercury are exposed to heat 
gradually raised to dull redness, nitric acid is given off; and a 
brilliant red substance remains, consisting of peroxide of mer- 
cury with a small portion of adhering nitrate. This is used in 
pharmacy as an escharotic and is called in the U. S. Pharma- 
copoeia hydrargri nitrico-oandumA * 

1537. Fulminating Mercury. — Mercury is the basis of a 
fulminating compound discovered by the late Mr E. Howard. 
To prepare this powder, 100 grains (or a greater proportional 
quantity, not exceeding 500,) are to be dissolved, with heat, m 
a measured ounce and half of nitric acid. The solution being 
poured cold upon two measured ounces of alcohol, previously 
introduced into a convenient glass vessel, a moderate heat is 
to be applied till effervescence is excited. A white fume then 
begins to undulate on the surface of the liquor, and the powder 
will be gradually precipitated on the .cessation of action and re- 
action. The precipitate is to be immediately collected on a fil- 
ter, well washed with distilled water, and cautiously dried in * 
heat not exceeding that of a water-bath. The immediate wash- 
ing of the powder is material, because it is liable to the reaction 
of the nitric acid ; and while any of that acid adheres to it, it is 
very subject to be decomposed by the action of light. Fro& 
100 grains of mercury, about 120 or 130 of the powderare 
obtained.:): This powder has the property of detonating loudly 
in a gentle heat, or by light friction. Hence it has been pre- 
posed as a means of firing ordnance. But an accident describe 
by Professor Silliman, as having happened in his laboratory; 
shows that this fulminating compound explodes from such tn- 

* Thornton, Vol. ii. p. 475; A edit 

fin the manufacture of tbi* compound at Apothecaries* Hall, (Load.) 100 lbs of mersiwy 
«d with 48 lb* of nitric acid (*p. gr. t,4t) and by proper evaporation and application of » *** 

US lb* of the kydrargyri niirico-oxxdum are obtained. B. 

t See Phil. Trans. 1800, p *14. 
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ding causes, as not to be kept without danger, even when secur- 
ed from friction or heat.* H. 2 . 117. It is regarded as a com- 
pound of mercury and cyanic acid. See (1589.) 

1538. Mercury and Sulphur. — When one part of mercury 
is triturated for some time with three of sulphur, a black taste- 

, less compound is obtained, which was called in old pharmacy 
Ethiops Mineral ; it is the hydrargyri sulphuretum nigrum 
of the U. S. Pharmacopoeia, t 

The same substance is more readily formed by pouring mer- 
cury into melted sulphur, the substances quickly combine, with 
such a rise of temperature as often produces inflammation. 

1539. There is some difficulty in ascertaining how far these 
are definite compounds ; when, however, sulphuretted hydro- 
gen is passed through a dilute solution of nitrate of mercury, a 
black powder is thrown down, which appears to be a true sul- 
phuret, and which, according to Guibourt,}: consists of 100 mer- 
cury -f- 8,2 sulphur, numbers which nearly correspond to 

1 proportional mercury = 200 

1 sulphur = 16 

Sulphuret of mercury = 216 

1 540. When the black sulphuret is heated red hot in a flask, 
a portion of mercury evaporates, and a sublimate of a steel grey 
colour is obtained, which, when reduced to a fine powder, 
assumes a brilliant red colour, and is called Vermillion or cin- 
nabar . It is, in fact, a bisulphuret of mercury , and consists of 

1 proportional of mercury = 200 

2 sulphur = 32 

Bisulphuret of mercury = 232 

1541. In the manufacture of cinnabar 8 parts of mercury are 
mixed in an iron pot with one of sulphur, and made to combine 
by a moderate heat, and constant stirring : this compound is 
then transferred to a glass subliming vessel, (on a small scale a 
Florence flask answers perfectly,) and heated to redness in a 
sand bath ; a quantity of mercury and of sulphur evaporate, 
and a sublimate forms which is removed, and rubbed or levigat- 
ed into a very fine powder. 

1542. Cinnabar is not altered by exposure to air or moisture; 
when heated to dull redness in an open vessel, the sulphur 
forms sulphurous acid, and the mercury escapes in vapour. It 
is decomposed by distillation with fixed alkalies, lime, and 
baryta, and by several of the metals. When adulterated with 
red lead it is not entirely volatile. 

1543. Cinnabar may be made in the humid way by long tri- 
turation of mercury and sulphur in solution of potassa.§ 

1544. Native Cinnabar is the principal ore of mercury: it 
occurs massive and crystallized of various colours, sometimes 

♦ Am* r. Jour. i. 168. f It is do longer retained in the London Pharmacopeia, 

t Am lee de Chunk, et Phyi. Tom. i. $ Nicholson’* Journal, ir. to ii. 
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SULPHATE OP HXECUET. 


Sulphate*. 


Persulphate*. 


appearing steel grey, at others bright red* Native mercury, 
and native amalgam of silver sometimes accompany it.* 

1545. Mercury and Sulphuric Add . — When mercury is 
boiled in its weight of sulphuric acid, sulphurous acid gas is 
evolved, a part of the metal is oxydized and dissolved and a 
white deliquescent mass is obtained, which, washed with cold 
water, afibrds a very difficultly soluble white salt, which is a 
proto-sulphate of mercury. It requires 500 parts of water for 
its solution and crystallizes in prisms. According to Foureroyt 
it consists of 

12 sulphuric acid 
83 protoxide of mercury 
5 water. 

According to theory, it should consist of one proportional of 
sulphuric acid + 1 of protoxide, or 
40 sulphuric acid 
208 protoxide of mercury 

248 sulphate of mercury. 

The alkalies precipitate black oxide of mercury from this salt 

1546. If three parts of sulphuric acid be boiled to dryness 
with one of mercury, a white mass o i persulphate of mercury 
is obtained ; it is more soluble than the sulphate and crystal- 
lizes in prisms. According to Braamcamp and Oliva, it is com- 
posed of 

31.8 acid 

63.8 peroxide 
4,4 water 


100,0 

It should consist, according to theory, of 1 proportional of 
peroxide + 2 proportionals of acid. 

1547. When hot water is poured upon persulphate of mer- 
cury, a yellow insoluble subpersulphate is formed, formerly 
called Turpeth miner al.% It appears to consist of I propor- 
tional of peroxide + 1 of acid, or 

216 peroxide of mercury 
40 sulphuric acid 

256 subpersulphate of mercury. 

A bipersulphate remains in solution. 

1548. The solutions of persulphate of mercury furnish red 
precipitates with the fixed alkalies, and white with ammonia, 
the latter being a triple sulphate qf ammonia and mercury . 

* Hypoeulphitt qf Mercury appear* not to axiit : when a eolation of a hyposulphite is peered iate 
a very dilate eolation of protoaitrate of mercory it occauons a black precipitate. 

t Anoales de Chtmte, i. 

t BySrurygi nbnUpkiuJUvut of the U. S. Pharmacopoeia. 
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1549. Sulphuretted hydrogen produces a black precipitate in 
solutions of mercury when added in excess, and which appears 
to be a sulphuret of mercury.* 

1550. Mercury and Phosphoric Acid . — When phosphate of 
soda is added either to nitrate or pernitrate of mercury, a white 
precipitate is formed. There is probably a protophosphate and 
a perphosphate. The latter is soluble in excess of acid. 

1551. Mercury and Carbonic Acid . — Alkaline carbonates 
produce buff-coloured precipitates in solutions of both oxides of 
mercury. These are probably the protocarbonate and th eper- 
tarbonate. 

1552. Mercury and Cyanogen . — Cyanide of mercury may 
be prepared by boiling in a matrass eight parts of water, two 
of finely powdered prussian blue, and one of peroxide of mer- 
cury. When the liquid assumes a yellow colour, it is to be 
filtered, and the cyanide of mercury is deposited in a crystal- 
lized form on cooling.t By repeated evaporation and cooling, 
all the cyanide that is capable of crystallizing will be separated, 
mingled however with some oxide of iron. To purify it, Proust 
recommends that it be re-dissolved ; boiled with an excess of 
oxide of mercury ; and again filtered. The liquid retains an 
excess of the oxide, which may be saturated by adding hydro- 
cyanic acid, for the oxygen instantly passes to the hydrogen of 
the acid, and the cyanogen to the mercury. The cyanide may 
now be crystallized again ; and, if intended for the preparation 
of cyanogen, it must be thoroughly dried, avoiding however 
more heat than is absolutely necessary. H. 2. 116. 

1553. Cyanide of mercury is decomposed by heat, as in the 
process for obtaining cyanogen ; and if distilled with muriatic 
acid, hydrocyanic acid and chloride of mercury are formed. It 
also is decomposed by hydriodic acid and by sulphuretted 
hydrogen, an iodide and a sulphuret of mercury, and hydrocyanic 
acid, being formed. The alkalies do not act upon this cyanide. 

1554. Cyanide of mercury is also formed by boiling peroxide 
of mercury in solution of ferrocyanate of potassa ; a portion of 
mercury and of peroxide of iron are at the same time deposited, 
whence it appears that the oxygen of the mercurial oxide is 
partly transferred to the iron, and partly to the hydrogen of the 
ferrocyanic acid. 

1555. Cyanide of mercury boiled in water with peroxide of 
mercury produces a compound which forms small granular crys- 
tals consisting of cyanide and oxide of mercury ; hence in mak- 
ing the cyanide by the above process, excess of mercurial oxide 

should be avoided.} 

* PKujkmrtt of Mercury may be formed by heating phosphorite with oxide of mercury. It ie a 
mettle solid of a bluish black colour. 

t According to Gay-Lussac the crystals are composed of 80 mercury SO cyanogen. They pro- 
bably contain 1 proportional of mercury and S of cyanogen. B. 

t Borate qf Mercury, obtained by adding borate of soda to nitrate of mercury, is a yellow insolu- 
ble powder. 

50 
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AMALGAMS. 


Amnutei. 


Chromate. 


Characters of 
the salts of 
mercury. 


Aaialfams. 


Amalgam of 
copper. 


Oiidatioo of 
metals pro- 
moted by 
mercury. 


1556. tflrseniaics of Mercury. — Arsenic acid occasions a pale 
yellow precipitate in solution of protonifrate of mercury, and a 
yellowish white precipitate in solution of the pernitrate. Arse- 
nious acid produces white precipitates in both solutions. 

1557. Molybdic acid occasions a white precipitate in solution 
of nitrate of mercury. 

1558. Chromate of Mercury. — Chromate of potassa throws 
down an orange-coloured precipitate from the solutions of nitrate 
and pernitrate of mercury. 

1559. The soluble salts of mercury furnish whitish precipi- 
tates with ferrocyanate of potassa, and black with sulphuretted 
hydrogen. A plate of copper, immersed into their solutions, 
occasions the separation of metallic mercury. 

The insoluble mercurial salts are mostly entirely volatilized 
at a red heat ; if distilled with charcoal, they afford metallic 
mercury. 

1560. Mercury combines with most of the other metals, and 
forms a class of compounds which have been called amalgams. 
These are generally brittle or soft. One part of potassium with 
70 of mercury produce a hard brittle compound. If mercury 
be added to the liquid alloy of potassium and sodium (928), an 
instant solidification ensues, and heat enough to inflame the 
latter metal is evolved. The use of an amalgam of zinc and 
mercury has already been adverted to for the excitation of elec- 
trical machines. The amalgams of gold and silver are employed 
in gilding and plating. 

An amalgam of 2 parts of mercury, 1 of bismuth, and 1 of 
lead, is fluid, and when kept for some time, deposits cubic crys- 
tals of bismuth. 

Amalgam of copper may be made as follows : To a hot solu- 
tion of sulphate of copper, add a little muriatic acid, and a few 
sticks of zinc, and boil the mixture for about a minute: by thi* 
means the copper will be precipitated in a metallic state, and ip 
a finely divided spongy form : take out the zinc, pour off the 
liquor, wash the copper with hot water, and pour upon it a little 
dilute nitrate of mercury, which will instantly cover every 
particle of copper with a coating of mercury : then add mercu- 
ry to the amount of two or three times the weight of the cop- 
per, and a slight trituration will combine them so far that the 
completion of the process may be effected by heating the mix- 
ture for a few minutes in a crucible.* 

1561. By combination with mercury, metals that are not 
easily oxidized, acquire a facility of entering into union with 
oxygen. Thus gold and silver, when combined with mercury, 
are oxidized by ignition in contact with air. This fact furnishes 
a striking illustration of the effect of overcoming the aggrega- 
tive affinity of bodies in promoting chemical union. H. 

1562. When mercury is negatively electrized in a solution 
of ammonia, or when an amalgam of potassium and mercury is 

* Aik in's Dictionary, Art- Mercury, p. 92. 
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placed upon moistened muriate of ammonia, the metal increases 
in volume, and becomes of the consistency of butter, an appear- 
ance which has sometimes been called the metallization of am - 
monia. The confpound appears only to contain ammonia and 
mercury, though its real nature has not been satisfactorily ascer- 
tained. It has suggested some hypotheses concerning the nature 
of ammonia and the metals, which are not worth recording. 


Section XXX. Osmium . 

1563. Osmium, and the metals described in the three follow- ProceMfor 
ing sections are contained in the ore of platinum. This ore is obtaining 
digested in nitro-muriatic acid, by which the greater portion is °“ wu “* 
dissolved, and there remains a black powder, which, when fused 

with potassa and washed, furnishes a yellow alkaline solution 
of oxide of osmium. Saturate the alkali with sulphuric acid, 
pour the mixture into a retort, and distil. A colourless solu- 
tion of the oxide qf osmium passes into the receiver ; it has a 
sweetish taste and a very peculiar smell, somewhat like that of 
new bread. When mercury is shaken with this solution it be- 
comes an amalgam, which is decomposed by distillation and pure 
osmium remains. 

1564. Osmium has a dark grey colour, and is not volatile 
when heated in close vessels ; but heated in the air it absorbs 
oxygen, and forms a volatile oxide. It has not been fused. 

1565. The leading characters of osmium are its insolubility character., 
in the acids, its ready solubility in potassa, the facility with 

which it is oxidized, the singular smell of its oxide, its great 
volatility, and the purple or blue colour produced in its solution 
by tincture of galls. The other compounds have scarcely been 
examined. 

1566. M. Laugier having observed that nitro-muriatic acid* 
which has been employed to dissolve platinum, emits a strong 
odour, of osmium, distilled the liquor and saturated the product 
with quicklime; after which by again distilling the liquid, he 
obtained a quantity of osmium sufficient to repay the trouble of 
the process.* H. 


Section XXXI. Iridium. 

1567. The black powder mentioned in the last section con- Howobu..- 
lains iridium, which resists the action of potassa, and cou- C<L 
aequently remains after the separation of osmium. A solution 
of its oxide may be procured by digesting it in muriatic acid, 
which first becomes blue, then olive-green, and lastly, red. 

* Aon. de Chin. 89. p. 191. 
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bhodium. 


By alternate treatment with potassa and muriatic acid, the 
whole of the black powder will be dissolved. By evaporating 
the muriatic solution to dryness, dissolving the dry mass in 
water, and evaporating a second time, octoedral crystals of mu- 
riate of iridium are obtained. 

Method of <fb- 1565. Iridium is obtained by immersing a plate of zinc into 

2i"I2ruSr a solution of the muriate, or by violently heating the octoedral 
crystals. It is of a whitish colour, and according to Mr Children, 
who succeeded in fusing it by means of his large voltaic appa- 
ratus, its specific gravity is above 18. Its most marked char- 
acter is extremely difficult solubility in the acids. 

1569. In crude platinum Dr Wollaston discovered some flat 
white grains which resisted the action of the acids, and which he 
ascertained to consist of a native alloy of osmium and irid- 
ium . 

p. 1570. Osmium and iridium were discovered by Mr Tennant 

itcor * rj ‘ in 1803. The name of the former is derived from the peculiar 
smell of its oxide ; that of the latter, from the variety of colours 
exhibited by its solution. 111 


Section XXXII. Rhodium. 

1571. Rhodium and Palladium were discovered by DrWol- 
Diworery. ] as to n in i803.t These, like the two last described metals, 
exist in the ore of platinum, from which rhodium may be 
obtained by the following process : Digest crude platinum in a 
small quantity of nitro-muriatic acid, filter the saturated solu- 
tion, and pour it into a solution of sal ammoniac, by which the 
Howobuio- greater proportion of the platinum is precipitated. Decant the 
rd ‘ clear liquor and immerse a plate of zinc, which becomes coated 

with a black powder. Separate this and digest it in dilute 
nitric acid, by which a little copper and lead are taken up. 
Then wash and digest in dilute nitrp-muriatic acid, to which 
add some common salt, evaporate to dryness, and wash the dry 
mass repeatedly with alcohol. A deep red substance remains, 
which, when dissolved in water, furnishes a black precipitate 
upon the immersion of a plate of zinc. This strongly heated 
with borax, assumes a white metallic lustre, and is rhodium. 
Properties. 1572. Rhodium is very difficult of fusion ; its specific gravity 
is 10,6. When an alloy of lead and rhodium is digested in 
nitro-muriatic acid, it is dissolved, and by evaporation a red 
compound is obtained, from which muriate of rhodium may be 
separated by water, or more perfectly by alcohol. The rose- 
colour of this compound suggested the name which has been 
applied to the metal. 

* PbU. Trans. 1804. 

f Palladium was also discovered by Mr Cloud in a native alloy of fold with that octal. 


Digitized by LjOOQle 



PALLADIUM. 


397 


1573. Berzelius has described three oxides of this metal, com- osidu. 
posed as follows : 

Metal. Oxygen. 

Protoxide 100 + 6,71 

Deutoxide 100 + 13,42 

Peroxide 100 + 20,13 

1574. Rhodium forms malleable alloys with the malleable 
metals, several of which have been examined by Dr Wollaston.* 

With steel, rhodium forms an alloy, which probably would Alloys, 
be very useful in the arts, were it not for the scarcity of the 
latter metal. 1 to 2 per cent, of rhodium gives steel great 
hardness, and yet there is sufficient tenacity to prevent cracking 
either in forging or hammering.t 


Section XXXIII. Palladium . 


1575. Palladium is most easily obtained by the following H owobtain- 
process.J Digest the ore of platinum in nitro-muriatic acid, 
neutralize the redundant acid by soda, throw down the platinum 

by muriate of ammonia, and filter. To the filtered liquor add 
a solution of cyanide of mercury (1552); a yellow flocculent 
precipitate is soon deposited which yields palladium on expo- 
sure to heat. § 

1576. Palladium is of a dull white colour, malleable and due- p ">p« rti *»- 
tile. Its specific gravity is about 11. It is hard. It fuses at 

a temperature above that required for the fusion of gold. 

1577. Dr Wollaston has ascertained the existence of native 
palladium in the ore of platinum. It is in small fibrous 
grains. 

1578. Muriatic acid boiled upon palladium acquires a fine red AcUonof 
colour. Sulphuric acid becomes blue. Nitric acid readily dis- likane?. 
solves it; but its best solvent is the nitro-muriatic, which forms 

a fine red solution. The alkalies throw down an orange-col- 
oured precipitate from these solutions, sparingly soluble in 
the alkalies. Ferrocyanate of potassa gives an olive green pre- 
cipitate; and sulphuretted hydrogen, one of a dark brown 
colour. • 

1579. Berzelius has shown that 100 parts of palladium unite 
with 14,209 parts of oxygen. Hence the oxide consists of 

Palladium 87,56 

Oxygen 12,44 


Ozidn. 


100 . 


Palladium readily combines with sulphur. The compound SolphnrtJt 
is whiter than the separate metal, and is very brittle. It has 

* Phil. Tran*. 1804. Thomson's Sytttm, Vols. i. and ii. 

t Wri j J owned, is. 388. ♦ Wollaston, Phil Trant. W05. 

$Se« also a proosuby Vaoqaolia in Ann. Pkilot. Vols. iv. sad vii. 
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been investigated by Berzelius, and shown to be composed as 
follows : 

Palladium 78,03 100, 

Sulphur • . 21,97 28,15 


100, 128,15 

1580. The equivalent number for the metal, deducible both 
from the oxide and sulphuret is 56,2. We may therefore de- 
note the weight of its atom by 56, that of the oxide by 64 ; and 
of the sulphuret by 72. H. 2. 149. 


Section XXXIV. Silver. 


Ntfire ail rtf. 


Methods of 

obtaining 

pnrooilror. 


Characters. 


1581. Silver is found native, and in a variety of combinations. 

Native Silver has the general characters of the pure metal. 

It occurs in masses; arborescent; capillary; and, sometimes, 
crystallized in cubes and octoedra. It is seldom pure, but 
contains small portions of other metals, which affect its col- 
our and ductility. It is chiefly found in primitive coun- 
tries. In Peru and Mexico are the richest known mines of 
native silver. 

1582. To obtain silver in a state of purity, Mr Donovan 
recommends, that 240 grains of standard silver be dissolved in 
as much pure nitric acid of specific gravity about 1,2, as will be 
barely necessary for solution. This is to be filtered, and distil- 
led water allowed to run through the filter, until the fluids 
amount to two ounce measures. A bright plate of copper 
weighing upwards of 64 grains, is to be immersed and frequently 
agitated in it. When the silver has entirely precipitated, 
which will very soon happen, the clear supernatant liquor is to 
be poured off, and the precipitate to be well washed with pure 
water. The silver is then to be boiled for a few minutes in 
liquid ammonia. It is then to be well washed with water and 
dried on a filter ; after which, if required, it may be melted in 
a crucible.* 

It may also be procured by adding to the above solution of 
standard silver a solution of common salt ; collect, wash, and dry 
the precipitate, and fuse it with its weight of carbonate of 
potassa. A button of the pure metal is thus obtained. 

1583. Silver has a pure white colour^ and considerable bril- 
liancy. Its specific gravity is 10,5. It is so malleable and 
ductile, that it may be extended into leaves not exceeding a ten- 
thousandth of an inch in thickness, and dtawn into wire finer 
than a human hair. 

1584. Silver melts at a bright red heat, and when in fusion 
appears extremely brilliant. It resists the action of air at high 


+ Phil. Mag. slrii. *0*. 
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temperatures for a long time, and does not oxidize; the tarnish 
of silver is occasioned by sulphureous vapours; it takes place very 
slowly upon the pure metal, but more rapidly upon the alloy 
with copper used for plate, and was found by Proust to consist 
of sulphuret of silver. Pure water has no effect upon the metal ; 
but if the water contain vegetable or animal matter, it often 
slightly blackens its surface in consequence of the presence of 
sulphur. If an electric explosion be passed through fine silver 
wire, it bums into a black powder, w hich is an oxide of silver. 
In the Voltaic circle it burns with a fine green light, and 
throws off abundant fumes of oxide. Exposed to an intense 
white heat, it boils and evaporates. If suddenly cooled, it 
crystallizes during congelation, often shooting out like a 
cauliflower, and throwing small particles of the metal out of 
the crucible. 

1585. Silver is not unfrequently obtained in considerable 
quantities from argentiferous sulphuret of lead, which is redu- 
ced in the usual way and then cupelled ; the oxide of lead thus 
procured is afterwards reduced by charcoal. 

Some of the silver ores, especially the sulphurets, are reduced 
by amalgamation. These ores, when washed and ground, are 
mixed with a portion of common salt and roasted ; it is then 
powdered and mixed by agitation with mercury, and the amal- 
gam thus formed is distilled. 

The old process of eliquation is now scarcely used : it con- 
sisted infusing alloys of copper and silver with lead ; this triple 
alloy was cast into round masses which were set in a proper 
furnace upon an inclined plane of iron with a small channel 
grooved out, and heated red-hot, during which the lead melted 
out, and in consequence of its attraction for silver, carried that 
metal with it, the copper being left behind in a reddish black 
spongy mass.* 

1586. From some curious facts which are stated by Mr Lucas, t 
it appears that silver, when melted, and exposed to a current of 
air or of oxygen gas, forms a temporary union with oxygen, 
which is again given off in the state of gas, when the metal cools 
spontaneously, oris poured into cold water. This property, it 
has been shown by ChevillotJ belongs only to pure silver, 
and not to silver alloyed even with a very small proportion 
of copper. H. 2. 121. 

1587. Oxide of silver may be obtained by adding lime-water 
to the solution of nitrate of silver, and washing the precipitate. 
It is of a dark olive colour, tasteless, insoluble in water, and 
when gently heated, is reduced to the metallic state. 

The composition of oxide of silver has been very variously 
given, probably from the difficulty of obtaining it of similar 
purity. According to Sir II. Davy 100 parts of silver unite 
with 7,3 oxygen, or according to Dr Wollaston’s scale 7,4. A 

• Atkin's DictisnMry, Art. Silver. f Manchester Society** Memoirs. X. 9. Vol. iu. 

t Ann. de Chim. et Pbys. »:ii. 299. 
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larger proportion of oxygen was formerly assigned by Berze- 
lius; but he has recently given the following statement 

Silver 93,12 100, 

Oxygen 6,88 7,3986 

100, 107,3986* 

Taking the proportion of oxygen which combines with 100 
parts of silver at 7,3 the equivalent number for silver will be 
110. No other oxide of silver has been actually ascertained to 
exist; though from the experiments of Mr Faraday, there 
seems reason to believe that the pellicle, which forms spontane- 
ously on an ammoniacal solution of oxide of silver, exposed to 
the air, is a protoxide of that metal in which the oxygen is to 
the silver as 7,5 to 157,4 t H. Dr Thomson admits it to be a 
distinct oxide ( sub-oxide ) and considers it as constituted of 1$ 
atom of silver + 1 atom of oxygen.J 

1588. Fulminating Silver . — Precipitate nitrate of silver by 
lime-water, and thoroughly edulcorate and dry the precipitate. 
Let this be afterward put into a vessel of the purest liquid am- 
monia, in which it may remain for ten or twelve hours. It will 
then assume the form of a black powder, from which the fluid 
is to be decanted, and the black substance left to dry in the air. 
This is the celebrated compound termed fulminating silver , 
which detonates with the gentlest heat, and even with the 
slightest friction. It may be formed, also, by boiling any pre- 
cipitated oxide of silver, for a few moments, in a mixed solution 
of potassa and ammonia. The protoxide, however, described 
by Mr Faraday does not afford it. When once prepared, no 
attempt must be made to enclose it in a bottle, and it must be 
left undisturbed in the vessel in which it was dried. Great cau- 
tion is necessary in the preparation of this substance for in 
making experiments on it, several fatal accidents have been pro- 
duced by indiscretion in its use. It even explodes, when moist, 
on the gentlest friction. § H. 2. 126. 

1589. Another detonating compound of silver, formed by a 
process similar to that employed in making the fulminating mer- 
cury of Mr Howard, has been described by Descotils.|| It is 
prepared by adding .alcohol, to a heated solution of silver, in 
nitric acid, while the solution is yet going on. Considerable 
effervescence arises ; the liquor presently becomes turbid ; and 
a heavy, white, crystalline powder falls down. This, when 
washed and dried, is the detonating silver . Heat, a slight 
blow, or long continued friction, cause it to inflame, with a 
brisk detonation. Pressure alone is not sufficient unless very 
powerful. It detonates by the electric spark, and is set on fire 
with an explosion by concentrated sulphuric acid. Both in the 

• Ann. of Philos. xv. 93. f Quart. Jour. iv. 270. 

X First Principles, i. 434. $ See Count Rumford’s pipers, Phil, Trans. 1794. 

|| Nicholson’s Journal, xviii. 140. 
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preparation of this substance, and in experiments on its detona- 
tion, much caution is necessary ; and only very small quantities 
should be employed. This preparation was originally discov- 
ered by Mr E. Howard. In repeating his process Mr Cruick- 
shank dissolved 40 grains of silver in two ounces of strong nitric 
acid, diluted with an equal weight of water. Then, by heating 
the solution with two ounces of alcohol, he obtained 60 grains 
of a white powder, which detonated violently. H. 2. 127. 

The detonating salts of silver, mercury, (1536) &c. have been Foiminic 
examined by Dr Liebeg. In an able series of experiments he * eid - 
found that these detonating salts contained an acid to which the 
name fulminic was first applied. Subsequent experiments by 
the same chemist in conjunction with M. Gay-Lussac have 
shown that this acid is the cyanic, and that it combines with dif- 
ferent bases, and thus forms as many detonating compounds. 

But it cannot bq obtained from them in an insulated state.* 

1590. Silver and Chlorine. — Chloride of Silver. — This chloride, 
compound is easily procured by adding a solution of chlorine, 

of muriatic acid, or of common salt, to a solution of nitrate of 
silver : it falls in the form of a heavy insoluble tasteless powder, 
of a white colour, but which, by exposure to light, becomes 
brown, and ultimately black. When dry chloride of silver is 
heated to dull redness in a silver crucible it does not lose 
weight, but fuses; and, on cooling, concretes into a grey semi- 
transparent substance, which has been called horn silver , or 
luna cornea. If slowly cooled, Proust has remarked that it has 
a tendency to octoedral crystallization. Heated to a bright red or 
white heat in an open vessel, it volatilizes in dense white fumes. 

1591. If fused with twice its weight of potassa or soda, chlo- 
ride of silver is decomposed, and a globule of metallic silver is 
obtained. It is also rapidly decomposed by tin and zinc. 
Triturated with zinc filings and moistened, the heat produced is 
so considerable as to fuse the resulting alloy of zinc and silver.t 

1592. Chloride of silver is very soluble in ammonia, a cir- 
cumstance by which it is usefully distinguished from some Act5on *f 
other chlgrides, which, like it, are white, and formed by pre- 
cipitation. We should be cautious in applying heat to the am- 
moniacal solution, As it sometimes forms a precipitate of fulmi- 
nating silver. The ammoniacal solution furnishes crystals, 
which, when exposed to air, or put into water, lose their trans- 
parency, ammonia is evolved, and they crumble into chloride 

of silver. The fused chloride, exposed to ammoniacal gas, 
absorbs a considerable portion, which is given off by heat. If 
the dry chloride thus saturated with ammonia, be thrown into 
chlorine the ammonia spontaneously inflames.} Chloride of sil- 
ver is soluble in and decomposed by all the liquid hyposulphites. 

* 8«« Ann. do Ckim. it Phyi. ixr. — Thenard, Trait* d* Chim. to). 5, p 918 edit. 4.— Bottom, 

Journal qf Pkili. roL 9. p. 140. 

f Faraday, Qmirtirly Journal qf Se'tne e and Arts , vit:. 9*74 

| Faraday, Quarterly Journal, t. 18. 
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Compocitioo* 1593. To know the composition of chloride of silver, 100 
grains of the metal may be dissolved in nitric acid and precipi- 
tated by a solution of common salt. The precipitate being 
carefully washed, dried, and fused, the increase of weight on the 
silver shows the quantity of chlorine which has beeo gained. 
Different chemists have given different statements. Wenael 
found that 100 of silver gave 131,4 of chloride; Davy, 132,5 ; 
Bucholz, Rose, Marcet, and Gay-Lussac, 133,3, and Berzelius, 
from several experiments, considers 132,75 as the true pro- 
duct* Taking Sir H. Davy’s result, the composition of chlo- 
ride of silver is 

Silver 75,5 . . . . 100, .... 307,69 

Chlorine . • . 24,5 .... 32,5 • • . 100, 


Chlorate. 


Exp. 


Iodide. 


Iodate. 


Nitrate. 


100 . 

And the equivalent number for silver, deducible from this 
analysis, is 110,7, from Berzelius’s 109,9. It will perhaps be 
very near the truth if taken at 110, a number agreeing with 
that indicated by the composition of the oxide.t H. 2. 122. 

1594. Chlorate of Silver is formed by digesting oxide of 
silver in chloric acid : it forms small rhombic crystals, which, 
by the action of chlorine, are converted into chloride of silver. 

1595. Muriatic acid has no action upon a piece of clean sil- 
ver, unless boiled with it for a long time, when a slight crust 
of chloride forms upon it. A beautiful experiment, illustrating 
the influence of electricity on chemical action, consists in 
attaching a slip of silver to one of zinc, and putting the double 
bar into dilute muriatic acid ; the silver instantly acquires a 
crust of chloride in consequence of the negative energy im- 
parted to it by the zinc, the latter metal being rapidly dis* 
solved. 

1596. Iodide of Silver is precipitated upon adding hydriodic 
acid to a solution of nitrate of silver. It is of a greenish yel- 
low colour, insoluble and decomposed when heated with potassa. 
It is particularly characterized by insolubility in ammonia. 

1597. Iodate of Silver is precipitated in the form of a white 
powder by adding iodic acid or iodate of potassa to a solution 
of nitrate of silver. It is very soluble in ammonia. 

1598. Nitrate of Silver . — Nitric acid diluted with three 
parts of water, readily dissolves silver, with the disengagement 
of nitric oxide gas. If the acid contain the least portion of mu- 
riatic, the solution will be turbid, and deposit a white powder; 
and if the silver contain copper, it will have a permanent 
greenish hue ; or if gold, that metal will remain undissolved in 
the form of a black powder. 

The solution should be perfectly clear and colourless ; it is 
caustic, and tinges animal substances of a deep yellow, which, 

* Aim. of Philo*, st. 95. 

f JVartvc CkloruU of Sihtr baa been found in moat of tbo silver mines ; it occurs massive and try*- 
tallixed in mall cubes. 


Digitized by LjOOQle 



NITRATE OF SILVER* 


403 


by exposure to light, becomes a deep purple, or black stain, 
and is indelible, or peels off with the cuticle : it consists of 
reduced silver. It may be obtained in white crystals, in the 
form of four and six-sided tables, of a bitter and metallic taste, 
and soluble in about their own weight of water at 60°. It 
blackens when exposed to light, and when thus acted upon, is 
no longer perfectly soluble in water, owing to the separation of 
a portion of metallic silver. 

1599. When heated in a silver crucible it fuses, and if cast 
into small cylinders, forms the lapis inf emails, or lunar cans - J* 1 *" 
tie of pharmacy; the argenti nitras of the Pharmacopoeia . 

In forming this preparation, care should be taken not to over- 
heat the salt, and the moulds should be warmed. Exposed to 
a red heat, the acid is partly evolved and partly decomposed, 
and metallic silver obtained.* 

1600. Sulphur, phosphorus, charcoal, hydrogen, and several Aotion of 
of the metals, decompose this nitrate. A few grains mixed •uipbur.ae. 
with a little sulphur, and struck upon an anvil with a heavy Exp. 
hammer, produce a detonation ; phosphorus occasions a violent 
explosion ivhen about half a grain of it is placed upon a crystal 

of the nitrate, upon an anvil, and struck sharply with a hammer ; 
and if heated with charcoal, it deflagrates, and the metal is 
reduced. 

If a piece of silk dipped into a solution of nitrate of silver be Ex P . 
exposed while moist to a current of hydrogen gas, it is first 
blackened, and afterwards becomes iridescent from the reduction 
of portions of the ipetal.t 

A slick of clean phosphorus, introduced into a solution of 
nitrate of silver, soon becomes beautifully incrusted with the Exp. 
metal, which separates upon it in arborescent crystals. A plate 
of copper occasions a brilliant precipitation of silver, and the 
copper is oxidized and dissolved by the acid. 

1601. The precipitation of silver by mercury is very slow, 

and produces a peculiar symmetrical arrangement, called the Arbor DUn*. 
arbor Dianse . It was first remarked by Lcmery. To obtain 
this crystallization in its most perfect state, the solution should 
contain a little mercury, and the mercury put into it should be 
alloyed with a little silver. 

Make an amalgam, without heat, of four drachms of leaf silver 
with two drachms of mercury. Dissolve the amalgam in four 
ounces or a sufficient quantity of pure nitric acid of a moderate 
strength; dilute this solution in about a pound and a half of 
distilled water ; agitate the mixture, and preserve it for use in 

* Fated citrate of silver, according to Proust, is composed of 

Silver 64 f ^ 

Oxygen . . , 

Nettie acid 30 

100 

This stateasent. however, cannot be correct, as it assign* too large a proportion of oxygen to the 
wide, vis. 8,6 U* 100 grains of silver. 

t See Mrs Fulhame’f Ettay on Combustin. 
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a glass bottfe with a grouod stopper. When this preparation is 
to be used, the quantity of one ounce is put into a phial, and 
the size of a pea of amalgam of gold, or silver, as soft as but- 
ter, is to be added ; after which the vessel must be left at rest. 
Soon afterwards, small filaments appear to issue out of the ball 
of amalgam, which increase and shoot out branches in the form 
of shrubs. U. 70S. According to Proust all that is required 
is' to throw mercury into nitrate of silver very much diluted. 

1602. The alkaline metallic oxides decompose this salt of 
Dtcompou- silver: it is also decomposed by muriatic, sulphuric, phosphoric, 

and boracic acid. The protosulphate of iron throws down me- 
tallic silver when added to a solution of the nitrate : protomu- 
riate of tin forms a grey precipitate consisting of peroxide of 
tin and oxide of silver. 

1603. Ammonia added to solution of nitrate of silver occa- 


Ioielible ink. 


Effect ef 

light 


sions a precipitate soluble in excess of the alkali. 

1604. Nitrate of silver is of much use, as a test for chlorine, 
muriatic acid, and their compounds. It is employed for writiog 
upon linen under the name of indelible or marking ink 9 and is 
an ingredient in many of the liquids which are sold for the 

u purpose of changing the colour of hair; but, when thus em- 
* ployed, it should be very much diluted, and used with extreme 
caution, on account of its corrosive quality. 

1605. White paper, or white leather, when stained with a 
solution of nitrate of silver, in the proportion of ten parts of 
water to one of the salt, undergoes no change in the dark ; but 
when exposed to the light of day, it gradually acquires coloor, 
and passes through a succession of changes to black. The com- 
mon sun-beams, passing through red glass, have very little effect 
upon it ; yellow and green are more efficacious ; but blue and 
violet produce the most decidedly powerful effects. Hence this 
property furnishes a method of copying paintings on glass, 
and transferring them to leather or paper. The process is 
described by Mr. T. Wedgwood, in Nicholson’s Journal, 8 vo. 
iii. 167. 


By a similar process, ivory may be covered with silver. Let 
a slip of ivory be immersed in a dilute solution of pure nitrate 
of silver, till the ivory has acquired a bright yellow colour. 
Then remove it into a tumbler filled with distilled water, and 
expose it to the direct light of the sun. After two or three 
hours’ exposure, it will have become black; but on rubbing it 
a little, the surface will be changed into a bright metallic one, 
resembling a slip of pure silver. As the solution penetrates 
deep into the ivory, the bright surface, when worn away, is 
* replaced by a succession of others. H. 2. 124. 

1606. Nitrite qf Silver is obtained, according to Proust, by 
Nitrite. long digestion of powdered silver in nitric acid already saturated 
with the metal. It is more soluble than the nitrate, and diffi- 
cultly crystal! izable. It appears not improbable that this salt 
may contain the suboxide noticed by Mr Faraday. (1587.) 
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1607* Sulphuret of Silver. — Silver readily combines with suiptmt 
sulphur, and produces a very crystallizable compound, consid- 
erably more fusible than silver. It is this which forms the 
tarnish upon silver plate. It has been analyzed by Berzelius, 
and found to consist of 

Silver 87,032 100 

Sulphur 12,968 14,9 

100. 114,9 

1608. Sulphuretted hydrogen and hydrosulphuret of ammonia 
occasion a copious black precipitate of sulphuret of silver when 
added to solutions of the metal ; a portion of the silver is fre- 
quently at the same time reduced to the metallic state.* 

1609. Hyposulphite of Silver has been examined by Mr. Hypont. 
Herschel in his able paper on the hyposulphurous acid.t It pblts> 

is formed by dropping a weak solution of nitrate of silver into 
a very dilute solution of hyposulphite of soda ; a white cloud 
is at first produced, which re-dissolves on agitation ; on adding 
more of the precipitant, the cloud re-appears and aggregates into 
a grey precipitate, which appears to consist of hyposulphite of 
silver ; the supernatant liquor tastes intensely sweet, which is 
remarkable considering the disgusting bitterness both of the 
nitrate and of the hyposulphite, and shows, says Mr Herschel, 

“ how little we know of the way in which bodies affect the or- 
gans of taste. Sweetness and bitterness, like acidity, seem to 
depend upon no particular principle, but to be regulated by the 
state of combination in which the same principles exist at dif- 
ferent times.” 

Hyposulphite of silver is also produced when chloride of 
silver is dissolved in any of the hyposulphites ; the solution is 
intensely sweet without any metallic flavour. 

1610. Hyposulphite of Pot ossa and Silver is formed when 
liquid potassa is dropped into the solution of chloride of silver 
in hyposulphite of soda ; it separates in the form of a copious 
precipitate, which, when washed and dried, is found to consist 
of small grey pearly scales : they are difficultly soluble in 
water ; of a very sweet taste 5 and heated before the blow-pipe 
afford a bead of silver. 

1611. Sulphite of Silver is obtained in crystalline grains by s«i P biu. 
digesting oxide of silver in sulphurous acid. 

1612. Sulphate of Silver is deposited when sulphate of soda s«i F b«t*. 
is mixed with nitrate of silver. It is also formed by boiling 
silver in sulphuric acid. It requires about 90 parts of water at 

60° for its solution ; in boiling water it is more soluble and is 
deposited, as the solution cools, in small prismatic crystals: it 
is decomposed at a red heat. It consists of 1 proportional of 
oxide of silver, and I sulphuric acid. 

• For localities, See. of Jfmtivt Sulpborot of lilrer, set ClearoUad’t Mineralogy. 

f Z4U.Pbil. Joo«d,i». 
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1613* A compound acid, which may be called nitro-sulphu- 
ric f consisting of one part of nitre dissolved in about ten of 
sulphuric acid, dissolves silver at a temperature below 200°, 
and the solution admits of moderate dilution before sulphate of 
silver separates from it. This acid scarcely acts upon copper, 
lead, or iron, unless diluted with water; it is, therefore, useful in 
separating the silver from old plated articles : the precious metal 
may afterwards be separated either in the form of chloride, by 
adding common salt; or by diluting the acid and continuing the 
immersion of the pieces of copper which have lost their silver- 
ing, and which will now dissolve in the diluted acid and occa- 
sion the precipitation of metallic silver.* 

1614. Phosphate of Silver is a compound of some importance 
from its use in preparing chloric acid. To obtain it, crystals of 
nitrate of silver may be dissolved in pure water, and a solution 
of phosphate of soda be added. The neutrality of the nitrate 
of silver is destroyed, and though the phosphate contains an 
excess of alkali, the resulting liquor is acid. The precipitate is 
of a yellow colour. When washed and dried, it is fusible at a 
red heat without any farther loss of weight. It consists, accord- 
ing to Berzelius, t of 

Phosphoric acid 17,025 100 

Oxide of silver 82,975 ...... 487,38 


100. H.2. 128. 

1615. Carbonate of Silver is precipitated in the form of a 
white insoluble powder, by adding carbonate of potassa to nitrate 
of silver. It blackens by exposure to light. It consists of 

1 proportional of carbonic acid .... = 22 
oxide of silver ... =117.3 

Carbonate of silver = 139.3 

1616. Carbonate of ammonia only throws down a portion of 
the silver from the nitrate, and forms a triple ammonuxar- 
bonate of silver. \ 

1617. The soluble salts of silver are recognized by furnishing 
a white precipitate with muriatic acid, which blackens by expo- 
sure to light, and which is readily soluble in ammonia, and by 
affording metallic silver upon the immersion of a plate of cop* 
per. The salts insoluble in water are soluble in liquid ammo- 

* Keir, Phil. Tran*, lxxx. f Ann. de Chim. et Phys. ii. 163. 

^ Borate of Stiver is thrown down r rom the nitrate of silrer in the form of white powder, by eiilof 
eolation of borate of soda. Hydrocyanic acid and bydrocyanate of potassa cause a white precipitate 
in solutions of silrer, which appears to be a cyanoret of silrer, and which, when heated, fives o* 
cyanogen. Jlrtenit t of Silver is precipitated in the form of a white powder, soon becoming ysJJo* 
and brown by the addition of solution of arieoioos acid to nitrate of silrer. JUremiate ^fSther i* 
thrown down from nitrate of silrer by arsenic acid, of a reddish brown colour. Chromate ef Stiver* 
precipitated of a crimson colour by adding chromate of soda to nitrate of silrer. It seaa lM* 1 ltf 
brilliant tint and becomes brown. 
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aia, t ad when heated on charcoal before the blow-pipe, they 
afford a globule of silver. 

1618. Alloy* of Silver . — The compounds of this metal with A11#J> 
potassium, sodium, and manganese, have not been examined. 

It unites difficultly with iron. 

1619. When silver and steel are fused together, an alloy is 
formed, which appears perfect while in fusion, but globules of 
lilver exude from it on cooling, which shows the weak attrac- 
tion of the metals. At a very high temperature the greater 
part of the silver evaporates, but a portion equal to about 1 in 
500 remains, forming a perfect alloy, admirably adapted to the 
formation of cutting instruments.* 

1620. Stiver readily combines with zinc and tin, forming 
brittle alloys. The alloy of silver with copper is of the most 
importance, as it constitutes plate and coin. By the addition 
of a small proportion of copjter to silver, the metal is rendered 
harder and more sonorous, while its colour is scarcely impaired. 

With lead the alloy is grey and brittle, as also with antimony, 
bismuth, cobalt, and arsenic. 

1621. The standard silver of Great Britain consists of l.l/ r 
of pure silver and 4 $ copper. A pound troy therefore is com- 
posed of 11 oz 2 dwts pure silver, and 18 dwts of copper, and 
it is coined into 66 shillings. B. 

1622. The standard siiver of the United States consists of 
of 1485 parts of fine silver and 179 parts of copper. The dol- 
lar contains 416 grains of standard silver, of which 371 f grains 
are of pure silver, and 44 J grains of alloy. The Troy pound 
of standard silver contains 10 oz 14 dwts 4^ grs of fine silver, 
and 1 oz 5 dwts 19 T * f grs of alloy; and is coined into 13}£ 
dollars; or, 13 oz of standard silver are coined into 15 dollars. 

1623. Amalgam of silver is sometimes employed for plat - 
ing; it is applied to the surface of copper, and the mercury 
being evaporated by heat, the remaining silver is burnished. 

The better kind of plating, however, is performed by the appli- 
cation of a plate of silver to the surface of the copper, which is 
afterwards beaten or drawn out. 

1624. A mixture of chloride of silver, chalk, and pearlash, is SHT***" 
employed for silvering brass : the metal is rendered very clean, 

and the above mixture moistened with water rubbdd upon its 
surface. In this way thermometer scales and clock dials are 
usually silvered. 

1625. The analysis of alloyed silver is a very important pro- 
1 cess, and in continual practice by refiners and assayers. It may 

be performed in the humid way by dissolving the alloy in nitric 
acid, precipitating with muriatic acid, and either reducing the 
chloride by potassa in the way above described (1591), or esti- 
mating the quantity of silver which it contains. The usual 
method, however, which is employed at the mint, and by the 
refiners, is cupellation . 

* Stodart ai J Farad* j, oa tba Alloys of SueL Quarterly Journal, ix. — Boot. Jour, i 190. 
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1626. ,Of the useful metals, there are only three which sre 
capable of resisting the action of air at high temperatures; these 
are silver, gold, and platinum ; the others, under the same cir- 
cumstances. become oxidized ; it might, therefore, be supposed, 
that an alloy, containing one or more of the former metals, 
would suffer decomposition by mere exposure to heat aod air, 
and that the oxidable metal would burn away. This, however, 
is not the case ; for if the proportion of the latter be small, it 
is protected, as it were, by the former; or, in other cases, a 
film of oxide coats the fused globule, and prevents the further 
action of the air. These difficulties are overcome by adding to 
the alloy some highly oxidable metal, the oxide of which is 
fusible. Lead is the metal usually selected for this purpose, 
though bismuth will also answer. Supposing, therefore, that 
an alloy of silver and copper is to be assayed^ or analysed by 
cupellation: the following is the mode of proceeding. 

A clean piece of the metal, weighing about 30 grains, is lami- 
nated, and accurately weighed in a very sensible balance. It 
is then wrapped up in the requisite quantity of sheet lead, (pore 
and reduced from litharge,) and placed upon a small cupel \ or 
shallow crucible, made of bone earth, which has been previous- 
ly heated. T|ie whole is then placed under the muffle, heated 
to bright redness ; the metals melt, and by the action of the air 
which plays over the hot surface, the lead and copper are ox- 
idized and absorbed by the cupel, and a button of pure silver 
ultimately remains, the completion of the process being judged 
of by the cessation of the oxidation and motion upon the sur- 
face of the globule, and by the very brilliant appearance assum- 
ed by the silver when the oxidation of its alloy cesses. The 
button of pure metal is then suffered to cool gradually, and its 
loss of weight will be equivalent to the weight of the alloy, 
which has been separated by oxidation. 

To perform this process with accuracy, many precautions sre 
requisite, and nothing but practice can teach these, so ss to 
enable the operator to gain certain results.* 


* Section XXXV. Gold. 

1627. Gold occurs in nature in a metallic state, alloyed with 
a little silver or copper, and in this state is called native gold* 
Its colour is various shades of yellow ; its forms are massive, 
ramose, and crystallized in cubes and octoedra. Large quanti- 
ties of this metal are collected in alluvial soils and in the beds 
of certain rivers, more especially those of the west coast of 
Africa and Peru, Brazil, and Mexico. It is found in various 

♦ Aa excellent article opoo the subject will be foood to Aikin't CSomicml Dictionary, *»i i» 
Children’, Tnmlmtion if Tbenrd on Ckomieml Anoint. 
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parts of Europe and of North America, especially in North 
Carolina.* 

1628. Gold may be obtained pure by dissolving standard 
gold in nUro-muriatio acid, evaporating the solution to dryness, 
re-dissolving the dry mass in distilled water, filtering, and 
adding to it a solution of protosulphate of iron ; a black powder 
falls, which, after having been washed with dilute muriatic acid 
and distilled water, affords on fusion a button of pure gold* 

1329. Gold is of a deep yellow colour. It melts at a bright 
red heat, and when in fusion appears of a brilliant green colour. 
Its specific gravity varies a little according to the mechanical 
processes which it has undergone ; but it may be stated on the 
average at 19,3. 

Gold is so malleable that it may be extended into leaves 
which do not exceed 7T V TT th of an inch in thickness. It is also 
very ductile and considerably tenacious ; for a wire only T JJffths 
of an inch in diameter will sustain a weight of 150 lbs. 

1630. Gold may be melted by a moderate red-heat, viz . at 
about 32° of Wedgwood’s pyrometer. The intense heat of a 
glass-house furnace has no other effect than to keep it in fusion, 
and even exposure to Mr Parker’s powerful burning lens, for 
several hours, occasioned no Iosj of weight After fusion, it 
crystallizes in short quadrilateral pyramids. H. 2. 130. 

It shows no tendency to unite to oxygen when exposed to 
its action in a state of fusion ; but if an electric discharge be 
passed through a very fine wire of gold, a purple powder is 
produced, which has been considered as an oxide. 

1631. Sulphuric, nitric, and muriatic acids, have separately 
no evident action on gold ; but the last mentioned acid, Proust 
has observed, by long boiling with finely divided gold, dissolves 
a small portion. Neither does any acid, of which oxygen is the 
acidifying principle, except concentrated sulphuric and nitric 
acids, dissolve the oxides of gold, and even those acids do not 
form permanent compounds. Nitric acid dissolves it only when 
heated, and deposits it again in the state of a hydroxide on 
adding water. Sulphuric acid, on the other hand r dissolves 
oxide of gold at common temperatures, but decomposes the 
oxide when heated in contact with it.t H. 2. 130. 

1632. Gold and Oxygen . The best process for obtaining 
oxide of gold , according to PelletierJ is to precipitate chloride 
of gold by magnesia. Muriate of magnesia is formed, which 
may be removed by washing, and the excess of magnesia mayjbe 
dissolved by diluted nitric acid. In this case, the magnesia is 
doubtless converted into a chloride, and parts with its oxygen 
to the gold. The oxide must be dried at a very low heat. 

* For u account of the fold mines of North Carolina see American Journal of Science is. 6— TLe 
quantity of fold from North Carolina deposited for coinage in the U. S. mint, during the year 18S, 
amoun nd to about 17,000 dollars in value. 

t Pelletier, jfan. dt Chim. tt Phyi. tv. H. * .Inn tit Ckim. et Pky» avi. 5. 
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Composition 1633. There is considerable disagreement as to ibe composi- 
of the oxides. |j on Q f t j, e oxides 0 f gold. Oberkampf* deduces as a mean of 
three experiments, that 100 parts of gold unite with 10,01 
oxygen ; Berzelius makes the proportion of the latter at 12,07; 
and Pelletier, from the composition of the iodide deduces it to 
be 10,03. This is assigned as the composition of the peroxide ; 
but besides this, he supposes that there is a protoxide contain- 
ing only one third of the oxygen which exists in the peroxide. 

% Their composition may, therefore, according to Pelletier, be 
stated as follows : 

Metal Oxygen. 

Protoxide 100 + 9,3495 

Peroxide 100 + 10,03. H. 2. 134. 

1634. Chloride of Gold. — When gold in a state of minute 
division, or gold leaf is heated in chlorine, a compound of a 
deep yellow colour results, which is said to consist of one pro- 
portional of each of its constituents. 

According to Pelletier there are two chlorides of gold. 

Metal. Chlorine. 

The protochloride, or subchloride • = 100 + 14,715 
The perchloride (soluble) ** 100 + 44,145 

It is in the state of perchloride that gold exists when dissolved 
in aqua regia. H. 2. 132. 

1635. The action of iodine on gold has been examined by M. 
Pelletier. t When hydriodate of potassa is added to chloride of 
gold, it produces a very copious yellowish brown precipitate, 
insoluble in cold water, and easily decomposed by heat. It 
gave on analysis 

Iodine 34 

Gold . 66 

1636. Nitrate of Gold \ — The nitric acid has scarcely any 
action upon gold, but it readily dissolves the oxide, forming a 
yellow styptic deliquescent salt, 

1637. The true solvents of gold are solution of chlorine and 
nitro-muriatic acid ; the latter is usually employed, composed 
of two parts of muriatic and one of nitric acid. By evapora- 
tion, the saturated solution, which, however, is always acid, 
affords prismatic crystals of chloride of gold. This salt is 
very deliquescent ; it is decomposed by heat, leaving a spongy 
mass of pure gold ; a very minute portion of the metal also 
passes off with the muriatic acid. 

1638. When potassa is added to the solution of chloride of 
gold, no precipitate occurs till heat is applied, when a reddish 
yellow precipitate falls, which is peroxide of gold ; the whole 
of the metal, however is not thrown down, a portion being 
retained so as to form a triple chloride of gold \ and potasoa , 
which is very soluhle and not decomposed by further excess of 
alkali, it is on this account that a very acid solution of chloride 


Nitrate. 


Solvent*. 


Triple chlo- 
ride of fold 


• Abo. So Chun. lui. 


t Quarterly Journal of Sctaoee and Arts, s. til. 


Digitized by 


Google 



FULMINATING COLD. 


411 


of gold will afford no precipitate whatever with potassa or soda, 
the triple salt formed being in that case sufficient to employ 
the whole of the oxide of gold. B. 

If a considerable excess of potassa be mixed with the chlo- 
ride of gold, the supernatant liquid acquires a greenish yellow, 
and a blackish sediment is formed, in which not more than 
T Vth of the gold is found that was held in solution. The 
remaining ^ths, united with oxygen, have combined with the 
potassa, which acts the part of a base, while the oxide of gold 
serves as a salifying principle. To this compound Pelletier 
gives the name of aurate qf potassa. Oxide of gold appears 
therefore adapted to unite with bases, rather than itself to form 
a base for combination with acids, with most of which it refuses 
to unite. H. 2. 135. 

1639. When common salt is added to the solution of gold 
in nitro-muriatic acid, and evaporated to dryness, a triple chlo- 
ride of gold and sodium is obtained which is the Jiuri 
murias of the Pharmacopoeia. It was first formed by M. 
Chretien* and has been examined by M. M. Figuier and Be- 
rard.t It crystallizes in long four sided prisms, of a beautiful 
orange colour, which are not altered by exposure to the air. 
Its composition is stated by Dr Thomson as follows. 


Gold 25 

Chloride of Sodium 7,5 

Chlorine 9 

Water 9 


50,5$ 

1640. A solution of pure ammonia separates, from the solu- 
tion by nitro-muriatic acid, an oxide of gold, and a portion 
of ammonia, uniting with the oxide, forms a compound, which 
detonates very loudly in a gentle heat, and is termed fulminat- 
ing gold . 

To obtain this compound, add a solution of ammonia in water, 
or the pure liquid ammonia, to diluted chloride of gold ; a pre- 

X 'tate will appear, which will be re-dissolved if too much 
li be used. Let the liquor be filtered and wash the sedi- 
ment which remains on the filter with several portions of warm 
water. Dry it by exposure to the air, without any artificial 
heat, and preserve it in a bottle, closed, not with a glass stopper, 
but merely by a cork. A small portion of this powder, less 
than a grain in weight, being placed on the point of a knife and 
held over a lamp, detonates violently. The precise tempera- 
ture which is required is not known, but it appears to exceed 
250° Fahrenheit. At the moment of explosion, a transient 
flash is observed. Two or three grains, exploded on a pretty 
strong sheet of copper, will force a hole through it Neither 

• Sm Bifelow v > So fit*!, 9t f Jtmr. it PAormoWr, ri. H 

% Pin* Primcipl*, L 44ft. 
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electricity nor a spark from the flint and steel are sufficient te 
occasion its detonation ; but the slightest friction explodes it 9 
and serious accidents have happened from this cause. 

This detonation is explained as follows ; Fulminating gold is 
an oxide of that metal, combined with ammonia. When its 
temperature is raised, the ammonia is decomposed ; the hydro- 
gen of the alkali unites with the oxygen of the oxide, and 
reduces the gold to a metallic state ; and nitrogen gas, and pro- 
bably aqueous vapour, are liberated in a highly expanded state. 
The violent impulse of these aeriform products, on the surround* 
ing atmosphere, appears to be the cause of the loud noise that 
is occasioned by the explosion of this compound. 

1641. The solution of chloride of gold is decomposed by cer- 
tain combustible bodies, which appear to act by furnishing 
hydrogen to the chlorine, and reduce the gold to a metallic 
form, as in the following examples: 

Into a dilute solution of chloride of gold, contained in a glass 
jar, put a long narrow slip of charcoal, and expose the whole to 
the direct light of the sun. The gold will be revived, and will 
appear on the charcoal in a metallic state, exhibiting a very 
beautiful appearance. The same change ensues without light, 
if the solution be exposed to a temperature of 212°. 

Moisten a piece of white taffeta riband, with the dilute solu- 
tion of gold, and expose it to a current of hydrogen gas from 
iron filings, and dilute sulphuric acid. The gold will be re- 
duced, and the riband will be gilt with the metal. By means of 
a camel’s hair pencil, the gold may be so applied as to exhibit 
regular figures, when reduced. 

The same experiment may be repeated substituting phosphu- 
retted hydrogen for common hydrogen gas.* 

1642. Several of the vegetable acids, but particularly the 
oxalic, decompose chloride of gold at common temperatures, 
especially if exposed to the sun’s rays. The bin-oxalate of 
potassa is still more efficient ; an effervescence arises from the 
escape of carbonic acid ; and in about an hour all the gold is 
revived.t Tartaric acid does not produce the same effect, but 
bi-tartrate of polassa occasions a decomposition, though less 
rapid. Acetic acid may be mingled with chloride of gold with- 
out producing any change. 

1643. Gold is precipitated from its solution in a metallic 
form, by a solution of green sulphate of iron. This depends on 
the affinity of the protoxide of iron for a farther quantity of 
oxygen, which it takes from the oxide of gold. 

1644. When a sheet of pure tin is immersed in a solution of 
nitro-muriate of gold, the oxide of gold is precipitated of a pur- 
ple colour; and, when scraped off and collected, forms the pur- 
ple powder of Cassius , much employed in enamelling. Or the 


* For a detail of venous experiments of a similar kind consult an Essay on Combustion, by Mrs. 
Futheme; also Count Kumford's paper, in the Pbilosoj bical Transactions, 1799, rage 449. 
f Van lions. 
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metallic salt, largely diluted with water, may be put into a 
glass vessel with a few pieces of grain tin. In a short time, the 
liquor will become of the colour of red wine, and a very light 
floculent precipitate will begin to precipitate, leaving the liquor 
clear. This, when well washed and dried, has a deep purple 
colour, and is the precipitate of Cassius. The same precipitate 
is obtained by mixing a solution of gold with a recently made 
solution of tin in muriatic acid. 

1645. The composition and colour of the precipitates of gold, 
thrown down by muriate of tin at the minimum, have been 
shown, by Oberkampf, to be variable. The colour approaches 
more to a violet, as the salt of tin bears a larger proportion to 
that of gold ; and the colour communicated by the precipitate 
to porcelain, has the same variable character. When the mu- 
riate of gold is in excess, the precipitate has more of a rose 
colour. H. 2. 135. 

1646. If a solution of chloride of gold be mixed with sulphu- 
ric ether it combines with the oxide, and an ethereal solution 
of gold is obtained. Polished steel dipped into this solution 
acquires a coat of gold, and it has hence been employed for 
gilding delicate cutting ornaments.* 

1647. Sulphuret of gold is procured by passing sulphuretted 
hydrogen through an aqueous solution of gold. It is a black 
substance, aod is a true sulphuret, which gives up its sulphur on 
the application of heat It is composed of 

Gold 80,39 100 

Sulphur 19,61 24,39 


100. 124,39 

The sulphuret of gold is soluble in hydro-sulphuret of potash. 
Liquid potash takes up a part, and leaves a yellow powder, 
which is metallic gold. The alkaline hydro-sulphurets do not 
dissolve gold, however minutely divided, till sulphur is added, 
when probably a sulphuret of gold is formed, on which the 
hydro-sulphuret is capable of acting. H. 2. 137. 

1648. Phosphuret of gold is obtained by heating gold leaf 
with phosphorus, in a tube deprived of air. It is a grey sub- 
stance of a metallic lustre, and consists probably of 1 propor- 
tional gold + 1 phosphorus. 

There is considerable difficulty in fixing upon a number to 
represent the weight of the atom of gold, on account of the un- 
certainty respecting the smallest proportions of oxygen, chlorine, 
&c. with which it is capable of forming a chemical compound. 
It appears that the only well-ascertained oxide of gold is that 
which contains, according to Oberkampf, 10,01, and to Berze- 
lius, 12,07 oxygen, on 100 of the metal ; and if this be the only 
oxide, the atom of gold will be represented either by 80, or by 
70, as we take the experimental result of the former, or ihe 

$ See Bufphvric Ether. 
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ALLOTS OF GOLD. 

latter chemist The constitution of the protoxide, as stated by 
Pelletier, would raise the representative number to 240 ; that 
of iodide to 242 ; and that of proto-chloride to 244 ; but the 
existence of an oxide and a chloride with so small a relative pro- 
portion of oxygen and chlorine, has not yet been sufficiently 
established. The composition of the oxide, assigned by Ber- 
zelius, is confirmed by Oberkampf’s analysis of the sulphuret, 
viz. 100 metal and 24,39 sulphur; for this agrees with the re- 
lative atomic weights of oxygen and sulphur, the latter of which 
is shown, by a variety of well-ascertained facts, to be double 
that of the former. The whole subject appears, however, to 
require farther investigation, before an equivalent number cin 
be obtained for gold entitled to our full confidence. H. 2. 137. 

1649. Alloys cfOold. — A very curious detail of an extended 
and accurate series of experiments upon the alloys of gold has 
been published in the Philosophical Transactions for 1803, 
by Mr. Hatchett : his experiments were generally made with 
11 parts of gold and 1 of alloy ; or 38 grains of alloy to the 
ounce of gold. 

1650. The alloys of gold with potassium, sodium, and man- 
ganese, have not been examined. With 7 iron the alloy is mal- 
leable and ductile, and harder than gold, its colour dull white, 
and its specific gravity 16,885. The metals expand by union, 
so that supposing their bulk before combination to have been 
1000, after combination it is 1014,7. 

1651. With zinc the compound is brittle and brass-coloured. 
Specific gravity 16,937. The metals contract a little in uniting, 
the original bulk being 1000, that of the alloy is 997. The 
brittleness continued when the zinc was reduced to T y of the 
alloy. The fumes of zinc in a furnace containing fused gold, 
make it brittle. 

1652. Tin formed a whitish alloy, brittle when thick, but 
flexible in thin pieces. Specific gravity 17,307. Bulk before 
fusion 1000; after fusion 981. So that there is considerable 
contraction. The old chemists called tin diabolus metallorum , 
from its property of rendering gold brittle, but Mr Bingley’s 
experiments quoted by Mr Hatchett, show that rV of tin does 
not render gold brittle. 

1653. The alloy of lead is very brittle when that metal only 
constitutes jjjj of the alloy ; even the fumes of lead destroy 
the ductility of gold. The specific gravity 18,080; and 1000 
.parts become 1005. A very remarkable fact in respect to this 
alloy is, that its specific gravity diminishes, to a certain extent, 
as the proportion of lead diminishes, and is at its maximum 
when the lead amounts only to firth part, the quantity of gold 
remaining the same, and the deficiency being made up with 
copper.* 

1654. With copper (standard gold) the alloy is perfectly 
ductile and malleable, but harder than pure gold, and resists 

♦ A table exhibiting thU renark able fact baa bees drawn up by Mr Hatchett See TVMei. 
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wear better than any other alloy except that with silver. Its 
specific gravity is 17,157. The gold coin of Great Britain is 
an alloy of eleven parts of gold and one of copper ; of this alloy, 
twenty troy pounds are coined into 934 sovereigns and one half 
sovereign ; one pound formerly was coined into 44j guineas ; 
it now produces 46£$ sovereigns being melted, or alloyed with 
copper. 

1655. The standard of the gold coins of the United States 
consists of 11 parts of fine gold to 1 part alloy, which alloy con- 
sists of silver and copper in any convenient proportion, provided 
the silver do not exceed the copper. The eagle of ten dollars 
contains 970 grains of standard gold, of which 247£ grs. are fine 
gold, and 22\ grs. alloy. The troy pound of standard gold con- 
tains 11 ozs of fine gold and 1 ounce of alloy, and is coined into 
21J eagles, of the value of 213J dollars ; or 9 ounces of standard 
gold are coined into 16 eagles of the value of 160 dollars.* 

1656. Arsenic and antimony, when alloyed in very small 
proportions with gold, destroy its colour and render it quite 
brittle. 

1657. The analysis of most of the alloys of gold is performed 
by cupellation. The triple alloy of gold, silver, and copper, 
may be analyzed by digesting it in nitric acid, which takes up 
the silver and copper, and leaves the gold in the form of a black 
powder, which may be fused into a button, and weighed. The 
silver may be thrown down iu the state of chloride by solution 
of common salt, and the copper precipitated by iron. 

1658. The assay of gold is more complicated than that of sil- 
ver, in consequence of the high attraction which it has for cop- 
per, and which prevents its complete separation by mere cupel- 
lation. An alloy, therefore, of copper with gold, is combined 
with a certain quantity of silver, previous to cupellation ; this 
is then cupelled with lead in the usual way, and the silver is 
afterwards separated by the action of nitric acid. 

1659. The real quantity of gold or silver taken for an assay 
is very smaH; from 18 to 36 grains, for instance, for silver, and 
from 6 to 12 for gold ; whatever the quantity may be it is called 
the assay pound The silver assay pound is divided into 12 
ounces, and each ounce into 20 penny-weights. The gold assay 
pound is subdivided into 24 carats, and each carat into 4 assay 
grains.t 

1660. Mercury and gold combine with great ease, and pro- 
duce a white amalgam much used in gilding. For this purpose 
the amalgam is applied to the surface of the silver ; the mercury 
is then driven off by heat, and the gold remains adhering to 

* The proportional value of fioe gold to Sot niter by the laws of the United State*, is os 15 to 1 ; to 
that Ipooodof fine gold is worth ISpoondsof fine silver. Tho proportional value of the different gold 
end silver eoias is derived wholly from the proportion of fine gold in the one. to the fine silver in the 

tho alloy in both being disregarded. Thus 24 3*4 grains of fine gold, beiog one tenth nf tho fine 
field in oor eagle are equivalent to our dollar and multiplied by 16 produce 911 1*4, the grains of fine 
•fiver in tho dollar. 

* Aikia’t Dictionary. Art. Attay, 
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the silver, end is burnished. This process is celled water 
gilding. 

In gilding porcelain gold powder is generally employed, 
obtained by the decomposition of the chloride ; it is applied 
with a pencil, and burnished after it has been exposed to the 
heat of the porcelain furnace. 

The degree of purity of gold is expressed by the number of 
parts of that metal, contained in the 24 parts of any mixture. 
Thus, gold, which in 24 such parts (termed carats ,) contains 
22 of the pure metal is said to be 22 carats fine. Absolutely 
pure gold, using the same language, is 24 earats fine; and gold 
alloyed with an equal weight of another metal, 12 carats fine.* 


Section XXXVI. Plaiintim. 

1661. The original repositories of nat ive platinum are not 
known, it having hitherto been found only in pebbles and 
grains,t generally small, but sometimes upwards of a pound and 
a half in weight. It is principally found in South America, in 
the provinces of Choco and Barbacoas, also at Matto Grosso in 
Brazil. It has also been found in St Domingo4 

The pure metal may be obtained by dissolving crude plati- 
num in nitro-muriatic acid, and precipitating by a solution of 
muriate of ammonia. This first precipitate is heated, dissolred 
in nitro-muriatic acid, and again precipitated as before. The 
second precipitate is heated white hot, and pure platinum 
remains.§ It is a white metal. Its specific gravity is 21,5.| 

1662. It is very difficult of fusion, but may be melted by the 
blow-pipe, with the aid of oxygen gas. A globule weighing 29 
grains, boiled violently in the focus of a lens about three feet in 
diameter;! and by means of the oxy-hydrogen blow-pipe more 
than 200 grains have been kept boiling for some time. 

1663. It is unaltered by the joint action of heat and air. It 
is very ductile and may be drawn into wire about the 2000 th 
part of an inch in diameter. It is malleable and may be beaten 
into very thin plates, called platina foil. 

1664. In common with iron, platinum has the property of 
welding, ♦♦ which is peculiar to these two metals. It may, 
also, be united by welding, with iron and steel. 

* Many cartons facts r slating to the properties of gold, and its nses in the arts, will be found io O' 
Lewis's Philosophical Commerce of tht Arts. 

f Mobs' Mineralogy, ii. 411. 

X These grains, besides platinum, contain generally gold, iron, lead, palladium, rhodium, ffidfl* 
and osmium. 

$ Various processes have been given for obtaining pure platinum, for which, see Aikin’* Dictm#} 
article Platinum; Ure's Dictionary, p. 640 i Quarterly Jour. xii. 347. Tbeoard, Traits dt 
iti. 479, edit. 4. 

|| 17,393 (rolled masses) Mobs. IT Ann- do China. Uix. 99. 

••Two pieees of wrought iron, raised to a white beat become covered with akiodof vamuhs 
when brought into contact, may be permanently united by forgiqg. This is called Urn welding rfw* 0. 
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1665. Platinum has been discovered by Dr Wollaston to be Power of coot 
a remarkably slow conductor of heat. Its expansion by heat is 
considerably less than that of steel. From the experiments of 

Mr Scott of Dublin it appears to possess sufficient elasticity to 
be applicable to making of pendulum springs for watches.* H. 

2. 140. 

1666. Platinum and Oxygen . — Two oxides of platinum o*ida«. 

have been described by Berzelius.t The protoxide is precipi- 
tated from the chloride by excess of potassa, it is of a black 
colour, and consists of * 

Platinum 92,35’ 100, 

Oxygen 7,65 8,287 


100, 108,287 

The peroxide, according to the same chemist, has been 
obtained only in combination. It is composed of 


Platinum 85,93 100, 

Oxygen 14,07 16,38 


100, 116,38 

1667. By pouring a neutral protonitrate of mercury into a Pf0toxid e. 
dilute solution of chloride of platinum in hot water, Mr Cooper 
obtained what he considers the protoxide of platinum . The 
precipitate, a mixture of calomel and protoxide of platinum, 

after being carefully washed and dried, was exposed to a heat 
barely sufficient to raise the calomel, after which there remain- 
ed an intensely black powder. By distillation Mr Cooper 
ascertained that this powder is composed of 100 parts of plati- 
num + 4,517 oxygen. $ It has been objected, however, by objected u> 
Berzelius, and Mr E. Davy that the temperature required to iianTvj!** 
sublime calomel is sufficient to deprive oxide of platinum of 
part of its oxygen; and, therefore, that the true composition of 
the protoxide cannot be determined by Mr Cooper’s method. 

1668. According to Vauqueiin, the oxide of platinum, ob- 
tained from the chloride by means of soda is constituted of 100 
metal + 15 or 16 oxygen.§ 

1669. Another oxide has been described by Mr E. Davy, Di>u1oiide of 
which appears to be intermediate between the peroxide, as Mriiary. 
stated by Berzelius and Vauqueiin, and the protoxide of the 
former chemist. It was formed by boiling together strong nitric 

acid, and fulminating platinum (1677), drying the product, and 
heating it just below redness; then washing with water, and 
finally with a little potassa. Its colour was dark iron grey ; it 
was nQt affected by water, either hot or cold ; nor by nitrous, 
sulphuric or phosphoric acids; it was insoluble in nitro-muri- 

* Nicholson’s JmtmaU xaii. 148. t ^ D °* da China. 87. 136. 

| Quarterly Journal, iii. $ Ann. da Cbfen. at Pbys. ▼. 
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atic acid, and by muriatic acid, unless when heated. It was 
shown by analysis, to contain 

Platinum 89,366 100 

Oxygen 10,634 11, 'o 


100 . 

The oxygen, therefore, in the three oxides, appears to be 
nearly in the proportion of 8, 12, and 16, to 100 of the metaJ, 
or of 1, 2, and 3. If the first of Berzelius’s oxides, be really the 
protoxide, the equivalent number deducible for platinum will be 
96,5.* But the subject requires more accurate investigation, 
before we can assign with any confidence, the equivalent num- 
ber of this metal. H. 2. 142. 

1670. Chloride of Platinum . — Platinum is not acted upon 
by any other solvents than the nitro-muriatic acid, and chlo- 
rine.! The former is best adapted to effect this solution ; and 
should J* formed by adding one part of the nitric to three parts 
of muriatic acid. The solution does not take place with rapid- 
ity. A small quantity of nitric oxide is disengaged, the colour 
of the fluid becoming first yellow, and afterward of a deep red- 
dish brown, which, upon dilution with water, is found to be an 
intense yellow. This solution is very corrosive, and tinges 
animal matters of a blackish brown colour. 

1671. The solution affords crystals which are very deli- 
quescent and acrid. This solution is distinguished from all 
other metallic solutions by affording a precipitate upon the 
addition of muriate of ammonia, which is an ammonio muriate 
of platinum , 

When this precipitate is heated to redness the platinum 
remains in the form of a delicate porous mass, and is the spongy 
platinum which Professor Doebereiner discovered to possess the 
property of determining the combination of hydrogen and 
oxygen (336.)J The cause of this singular phenomenon has not 

* Dr Thomson, from hit late experiments makes the weight of the atom of platinum If 
1, which corresponds with OS on the hydrogen scale. 

f Platinum by being alloyed with direr and gold, is rendered soluble in nitric acid • 40 PA& ^ 

1 ; the same fact baa been established respecting the alloys of platinum with sioc *ad copf* 1 '’ 
Quart. Jour. 3. 119. 

$ M. II. Dalong and Thenard have investigated this subject with a view of ascertaining U»e n,tufp 
of the forces to which this singular phenomenon is to be attributed. They have found thst * * iro J^ 
effect is produced by palladium, rhodium, and iridium, at the ordinary temperature ; osmium ^ 
nickel act but feebly unless their temperatare be raised. At temperature*, more or less raised, 
still below that of boiling mercury, all the metals exert a more or less energetic action ; the iououtj 
of which is modified by their extent of surface, thickness, dec. Thus gold io plates, requires to b*** 
its temperature raised more than double what it does when in powder. . 

Metals are not the only substanoes in which this property has been found ; poafuce, glass. “ aor5 ^ f g 
various ether bodies determine the combination of the gases. All the phenomena noticed by 
Dalong and Thenard are conceived to indicate a property common to most solid bodies, metal ^ 
noQ'inetaUic, simple and compound. The property is not inherent in the metals, but may be 
appear and disappear at pleasure. The experiments of theee chemists were made with 
under five different forms, via. in fine wire, in filings, in thin leaves, in the state of sponge, 
of an impalpable powder. The wire employed was about j^-gth of an inch in diameter, it **• 
into bundles or skeins of about ItO coils in older to retsrd the cooling. It did not become bests 
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been satisfactorily explained. Prof. Docbereiner supposes that 
it arises from a galvanic action taking place between the hydro* 
gen and platinum, the former acting the part of the zinc plate. 

exposed to e current of hydrogen gaa in the atmosphere unless heated to about 960°, as in the expert- 
meats of Sir H. Davy. 

When the same wire bad been heated several times to redness and was then brought back to the 
temperature of the atmosphere it did not act; but its action commenced at about 136° or 140°. 

Immersed in nitric acid and afterwards washed and dried at a heat of about 494 the wire became 
heated under the current of hydrogen gas commencing at the temperature of the atmosphere, and when 
the conrent of hydrogen was sufficiently rapid the wire became Incandescent. Similar effects were 
produced by concentrated sulphuric and muriatic acids, but in a less striking manner. 

In Use open air this property was retained but for a few hours; but the wire being pat in a dose vessel 
it continued for more than 24 hours. The nature of the vessel and its insulation by noo-condoctors do 
not appear to have any iniluence upon the time of duration of this property. The wire beidfc insulated 
by a stick of gum lac and immersed fn mercury insulated in a similar manner, the property disappeared 
so the course of ffve minutes. A rapid current of dry atmospheric air, oxygen, hydrogen, or carboaie 
acid, destroys it in the same time. 

Platina filings possess the property in question immediately after their formation, and retain it an 
hour or two, bat with decreasing intensity; and when lost it may be restored by bringing them to a 
red beat and allowing tbam to cool. They acquire it in a higher degree by the contact of nitric or 
muriatic acid. lo a limited volume of air this property is retained for several days, ^feaducting or 
non-conducting supports produce no difference is the result. 

To remove any doubt that these effects were owing to the combination of the oxygen of the air with 
hydrogen, M. M. D along and Tbenard, instituted other experiments, and established directly the 
formation of water. 

Leaves of platinum newly beaten, like recently formed filings, possess the property of acting at the 
ordinary temperature, upon a mixture of hydrogen and oxygen gases ; bat by exposure for a few 
minutes, to the air, they lose the property : it may be restored by beating them to redness in a closed 
crucible of platinum After this they retain the property for 24 hours without any diminution, if kept 
in a close vessel. Unfolding the leaves in the air destroys the property, nor can they again be made 
to act when again folded. The same effect has been noticed in palladium both in leaves and filings. 

In regard to spongy platinum, its structure secures it from the contact of air, so that it is not easily 
deprived of this property ; bot when it has lost H by exposure for several days to the atmoepbere it 
maybe restored. as in the preceding cases, by heating it to redness, or immersing it in nitric acid. 
Moist air has no more effect than dry air in depriving it of ibis singular property; even the absorption 
of water or the passage of vapour at 212° does not sensibly diminish it. 

The powder of platinum, obtained by the calcinatiph of the precipitate by muriate of ammonia, 
mixed with common salt, presents the same phenomena as spongy platinum. 

Platinum, in the form in which it was obtained from its solution, by means of aino, appears to retain 
the property in question looger than platinum reduced to the same degree of tenuity by any other 
method. 4 

The observations hitherto made on these phenomena, have not led to any satisfactory explanation ef 
them. A groat number of solid substances determine, by tbeir contact, at temperatures differing 
according to their nature, the combination of mixed gases. The intensity of this action appears to 
have some connection with the state of saturation of the solid bodies. Some of the substances acquire, 
under the influence of certain agents, a power which is analogous but much more intense ; and wbat 
is very remarkable, the former is transient like most of the electric actions. Bot the researches df 
M. M. Datong and Tbenard have led them to the conclusion that most of the effects hitherto observed 
cannot be explained upon tbe supposition of a purely electrical origin, f From tbe facts which they 
have ascertained, that tbe decomposition of a current of ammoniacalgas may be effected by iron wire, 
and that the same property is possessed by copper, gold, silver and platmom, at certain temper atu res; 
nad that boo does not affect at all, or only with great difficulty, the combination of otygea and hydro- 
gen, and that platinum, which is so efficacious in effecting the Utter, does not, without great difficulty, 
decompose ammonia M. M. Dulong and Tbenard Were led to believe, that, among tbe gases, some 
have a tendency to unite undf r tbe influence of metals, while others have a tendency to separate, and 
that this property varies with tbe nature of both. Those metals which produce one of these effects 
best, do not produce the other at all, or produce it in an inferior degree f 

4 M. 91. Dulong and Tbenard have ascertained that gold, precipitated by means of sine tnd dried 
at a low temperature, determines tbe combination of hydrogen and oxygen at about 280°, sod when 
heated to redness at about 131*. 
same effect at 334*. 

| Aoo. de Cbim. et Pbys. xxhr. 


Oliver precipitated and healed in the same manner, produces the 
380. } Aon. de Chim. et Phys* xxxii. 442. 
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Professor Dana has found that spongy platinum is also ignited 
by the vapour of alcohol or ether.* 

1672. The solution of platinum forms a triple combination 
with soda, or soda-muriate. This is best obtained by adding 
to nitric acid, in a retort, platinum, with twice its weight of 
muriate of soda, and applying heat till about four fifths of the 
fluid have come over. The remaining liquor forms, on cooling, 
fine prismatic crystals, sometimes four or five inches long; and 
either reddish brown, like titanium ; yellow like amber, or of 
a beautiful coquelicot colour.t H. 2. 143. 

1673. Ferrocyanate of potassa affords no precipitate with solu- 
tion of chloride of platinum. The addition of potassa occasions 
a precipitate of a triple compound of the alkali and acid.£ Sul- 
phuretted hydrogen occasions a black precipitate. Ether sepa- 
rates the oxide of platinum in the same way as that of gold. 
Muriate of tin occasions a very characteristic red precipitate in 
very dilute solution of platinum. * 

A solution of platinum, so dilute, as to be scarcely distin- 
guishable from water, assumes a bright red colour, on the addi- 
tion of a single drop of the recent solution of tin. 

1674. There are, according to Mr E. Davy, three sulphurets 
of platinum. The first, formed by heating the finely-divided 
metal with sulphur ; the second, by precipitating nitro- muriate 
of platinum by sulphuretted hydrogen ; and the third, by heat- 
ing 3 parts of the ammonio-muriate with 2 of sulphur. 

1675. According lo the same authority there are two phos- 
phurets. The first, obtained by heating phosphorus with the 
metal; the second, by heating phosphorus with the ammonio- 
muriate of platinum. 

1676. The salts of platinum have been but little examined. 
Proust and Davy have described a sulphate , obtained by acidi- 
fying the sulphur in the sulphuret by means of nitric acid. It 
is of a brown colour, and very soluble ; and with soda, potassa, 
and ammonia, it forms triple salts. 

Mr Davy finds the solution of the sulphate in water to be an 
excellent test for discovering gelatine. 

1677. Mr E. Davy found that the precipitate by a slight 
excess of ammonia, when boiled in potassa, washed and dried, 
was a fulminating platinum ; it explodes at about 420°, with 
a very loud report.§ One grain laid on a thin sheet of copper 
and exploded produces a report louder than that of a pistol, and 
the copper is deeply indented. Like fulminating gold, it is 
incapable of being exploded by percussion. 

* AnMr. Jour. but. Ttii. 198. 

t Nicholas's Jour. Iro. is. 61. — Acoording to Dr Thomson it is composed of 

Platinum 1 Atoms. 

Chlorine S 

Chloride of sodium 1 

Water I Tint Prin. i. 4M. 

3 Or B. $ Phil. Trans. 1817. 
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1678. A very singular compound of platinum is described 
by Mr E. Davy, in the Philosophical Transactions (1820, p. 
108), obtained by mixing equal volumes of strong aqueous solu- 
tion of the sulphate and of alcohol. The colour of the sulphate 
slowly disappears, and in some days a black substance subsides, 
which is washed and dried. It is also formed by boiling the 
sulphate and alcohol together for a few minutes. This substance 
is permanent in the air and insoluble in water. It detonates 
feebly when heated, and is not affected by chlorine, nor by 
nitric, sulphuric, and phosphoric acids; but it is slowly soluble 
in muriatic acid. Put into liquid ammonia it acquires fulmi- 
nating properties, and plunged into the gas it becomes red hot: 
the same phenomenon is exhibited by exposing it to the vapour 
of alcohol, or by placing it upon a piece of paper moistened 
with that fluid : in these cases the platinum is reduced with the 
evolution of heat, and the ignition seems to depend upon the 
slow combustion of the vapour of the alcohol, as has been else- 
where shown. (181.) From Mr Davy’s analysis of this com- 
pound, it appears to contain 96,25 platinum, 0,12 oxygen, 
0,0106 carbon 3,6194 nitric acid and water; the acid being 
derived from the mode of preparing the sulphate. 

1679* The alloys of platinum are not, in general, character- 
ized by useful properties. Its affinity for lead is strikingly 
shown by the following experiment. If a piece of lead foil, 
and another of platinum foil, of equal dimensions, be rolled up 
together, and the flame of a candle be cautiously directed by a 
blow-pipe towards the edges of the roll, at about a red heat, 
the two metals will combine with a 'sort of explosive force, 
scattering their melted particles, and emitting light and heat in 
a surprising manner.* A small bit of tin, zinc, or antimony, 
roiled in platinum leaf, and treated in the like manner, exhibits 
similar appearances. 

1680 Zinc, bismuth, tin, and arsenic, readily combine with 
platinum, and form fusible alloys. It also unites, though less 
readily, with copper, lead and iron* It combines with gold, and 
unless there be great excess of the latter, the colour of the 
allov resembles platinum. 

1681. By combining 7 parts of platinum with 16 of copper 
and 1 of zinc, Mr Cooper obtained a mixture much resembling 
gold.t Sixteen parts by weight of pure platinum, seven parts of 
copper, and one of zinc equally pure, mixed together in a cru- 
cible, and covered with charcoal powder, when perfectly fused 
form an alloy which has been called by Dr Hermstadt artificial 
gold . It nearly resembles gold in specific gravity, colour aud 
ductility. 

1682. The alloys of steel and platinum have been examined 
by Stodart and Faraday. They combine in all proportions, but 
from 1 to 3 per cent, of platinum appears best adapted for cutting 
instruments. Equal weights of the two metals produce a fine 

* Arm. of Philo*. sir. 2SS. t Jour. iti. lift. 


Alio j*. 
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hard and brilliant alloy of a specific gravity of 9,862 ; it appears 
well adapted for mirrors, for it takes a fiue polish and does not 
tarnish. An alloy of 90 platinum and 20 steel has a specific 
gravity of 15,88. 

1683. Wires of steel and platinum, when welded and polished, 
exhibit a curious and beautiful surface, especially when the 
steel parts are slightly acted upon by dilute acid. The weld- 
ing property of platinum may be usefully applied in the arts; 
rings may be joined so as to form a chain, the durability of 
which must add to its value ; and with a view to economy, 
platinum may be joined to iron or steel for many uses in the 
laboratory of the chemist 


Section XXXVII. Silicium. 

1684. In attempting to decompose silica, and to obtain its 
base in a state of perfect separation, Sir H. Davy was unsuccess- 
ful, but the results of his experiments left little doubt that this 
earth is like the rest compounded of oxygen and a peculiar 
base. Berzelius has since decomposed silica, by fusing it with 
charcoal and iron in a blast furnace ; and more recently by 
exposing the fiuate of silica and potassa to heat along with 
potassium. 

1685. It may be obtained more easily by decomposing the 
fiuate of silica and soda, which has the advantage of containing 
under the same weight and volume a greater quantity of the 
fiuate of silica. This desiccated salt is reduced to a fine pow- 
der* and put by layers with potassium into a tube of glass 
closed at one end, which is so placed that all the mass may be 
heated at the same time. We may if we choose, melt the 
potassium and mix it by means of a rod of iron, with the salt, 
and then heat the mass over a spirit-lamp. Even before a red 
heat, the silicium is reduced with a slight hissing and a feeble 
appearance of heat. The mass is left to cool, and subsequently 
washed in a large quantity of cold water. A brown powder is 
obtained which should be boiled with water, and washed with 
hot water until no stain is left by the evaporation of a drop oi 
the liquid. 

The substance washed is a hydruret of silicium which is to 
be heated in an open crucible nearly to redness for some time, 
and then raised slowly to a perfect red heat. The hydrogen is 
burned off and pure silicium remains. If the silicium become 
inflamed, the crucible should be covered directly and the tem- 
perature lowered, which will instantly stop the combustion. 
When the calcination is finished, the silicium is incombustible 
in air, and is no longer attacked by fluoric acid, if pure. The 

* In ca»e the desiccation hat made the particles adhere, and to expel the humidity that 
re main, it should be exposed to a temperature, as high as it can bear without being decomposed. 
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small quantity of silica produced may be dissolved in fluoric 
add. After treatment by the acid the silicium is washed and 
dried.* * * * 

1686. Obtained in the manner described, silicium is of a dark p ro f*rt>e» 
nut-brown colour, without the least metallic lustre. It is 
obtained in various states of aggregation, and its combustibility 
varies accordingly ; in this respect it much resembles carbon. 

1687. In the state of least condensation, in which it is obtain- 
ed when just separated from the potassium by means of water, 
it is combustible in atmospheric air, and in oxygen gas. But 
in its densest state it may be made incandescent in the air with- 
out burning; it does not undergo any change in the flame of 
the blow-pipe, and appears to belong to the class of the most 
infusible bodies. This difference in its combustibility is ex- 
tremely remarkable. 

1688. Silicium, even when dry, stains and strongly adheres A l ctioo fc ^ 
to the glass vessels in which it is kept. When treated with ***** 
fluoric acid, the liquid is covered with a slight pellicle, which 
envelopes each drop that is taken from it. It is a non-conduc- 
tor of electricity. It is not attacked by nitre until the tempe- 
rature is raised sufficiently high to decompose the nitric acid ; 

but at a white heat it is acted upon with great energy by that 
salt. 

1689. With carbonate of potassa it burns vividly, carbonic Boro* w»ih f 

oxide being given out, and the reduced carbon imparting a black ° 

colour to the mass. When the portion of carbonate is equal in 

bulk to half the silicium the inflammation takes place much 
below the temperature of ignition. With greater quantities the 
mass becomes distended, by the production of carbonic oxide, 
takes fire and burns with a blue flame. If a still greater quan- 
tity of carbonate be employed, no signs of combustion can be 
perceived ; the mass does not grow black, and merely gives out 
carbonic oxide.t 

1690. Silicium detonates with the hydrates of the fixed alka- 
lies, producing a vivid incandescence at a temperature at which 
they melt, but much below that of ignition. Hydrogen gas 
is given out, which is seen to burn when the bulk of the mass 
is not too small. The same phenomena are observed with 
the hydrate of baryta. Incandescence also takes place with 
the hydrate of lime; but it is very feeble, and the silicium is 
oxidated but imperfectly. With the acid fluate of potassa it 
detonates at the fusing temperature of the salt, that is to say, 
much below a red heat; it is not affected by fused borax. 

* For more minute details see the memoir of Berzelius in ibe Annalu do Ckim. ot Phyt. %%\ ii. 33*7, 

Or Boot os Journal qf Philos, iii. 37. 

f From this mode of action of stliciuro with carbonate of potassa arises a very paradoxical phenome- 

non. If tome incombustible silicium is heated with saltpetre to a moderate red. on a leaf of platinum 

or in a little crucible, do action will be observed ; but if there be added a little dry carbonade of aodu , 
so that it may touch the sUictum. a detonation will take plane, at the expense of the carbonate in the 
midst of the saltpetre, and the mass will prcserve for some time its black colour. Btrztlioo. 
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1691. Silicium heated to a perfect red in the vapour of sul- 
phur inflames and burns, but with less intensity than in oxy- 
gen ; and the combination even does not take place with the 
incombustible silicium. The sulphuration is usually as incom- 
plete as the oxidation, and a scorified mass is obtained of a dark 
grey colour. It sometimes happens, however, particularly 
when a vacuum is made in the vessels before volatilizing the 
sulphur, that the silicium becomes completely sulphuretted, 
at least in a part of its mass. It then presents an earthy white 
body, which, thrown into water, instantly dissolves in it with 
the evolution of sulphuretted hydrogen. The silicium is con- 
verted into silica which dissolves in the water ; and if this is 
in small quantity, a solution may be obtained so much concen- 
trated, that it solidifies after a slight evaporation, and it leaves 
the silica, after the desiccation, in a transparent fissured mass. 
Silicium imperfectly sulphuretted also decomposes water rap- 
idly, with disengagement of hydrogen, and solution of the 
silica in the water; and the silicium which was not combin- 
ed with the sulphur becomes separated. In the air the sul- 
phuret of silicium diffuses a very strong smell of sulphuretted 
hydrogen, and loses in a little time all its sulphur ; but in dry 
air it may be preserved a long time. At a red heat, it con- 
tracts and shrivels up, yielding sulphurous acid and silica. 
This change, however, takes place but slowly ; for when kept 
at a red heat for some moments, it still has the property of de- 
composing water. 

1692. The siliciuret of potassium readily combines with sul- 
phur at a red heat ; but if the mass is dissolved in water, there 
remains much silicium, unless the mass be newly exposed to a 
white heat, the silicium then combining with the sulphur at the 
expense of the potassium previously sulphuretted at a more ele- 
vated temperature. This combination is a true double sulphu- 
ret ; its colour is of a dark brown, almost black. It presents a 
melted mass which dissolves in water. The combinations of 
the sulphuret of silicium with the metallic sulphurets. although 
they exist in the dry way, cannot, it appears, exist in water. 

1693. If silicium is heated in a current of chlorine, it takes 
fire and continues to burn. If the gas contains atmospheric air, 
some silica remains in the form of a slight skeleton. Silicium 
burns equally well in chlorine, whether or not it has lost its 
combustibility in the air. The product condenses and presents 
a yellowish liquid when it contains an excess of chlorine, 
but which is without colour when it is freed from this excess. 
This liquid is very fluid ; it evaporates almost instantaneously 
when exposed to the air, yielding white vapours, and leaving 
a residuum of silica. It has a very penetrating smell, which 
may be compared in some degree to that of cyanogen. Thrown 
into water, it floats on the top ; it generally dissolves in it, or 
leaves a little silica. If the quantity of water is small, a drop, 
for example, on as much chloride of silicium, this envelopes it, 
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and the silica remains in a frothy semi-transparent mass. This 
liquid is analogous to the combinations of the other electro- 
negative bodies with chlorine. 

1694. At common temperatures potassium has no action on 
chloride of silicium ; but - when heated in the vapour of the u ®* 
latter substance it takes fire and produces a compound of potas- 
sium and silicium. The iodide of potassium does not combine 
with silicium. 

1695. Silicium is neither dissolved nor attacked by the sul — of add*, 
phuric, nitric, or muriatic acids, and not even by nitro-muriatic 

acid. In its combustible state it is slowly dissolved by fluoric 
acid with the evolution of hydrogen ; but in losing its combusti- 
bility, it loses also the property of dissolving in this acid. It is, 
on the contrary, dissolved with rapidity, even in the cold, by a 
mixture of the nitric and fluoric acids, nitrous gas being given 
out. Combustible silicium is dissolved by digestion in a solu- 
tion of caustic potassa ; but when rendered incombustible, it is 
no longer attacked by the alkalies in the humid way. 

1696. Silicium, when once isolated, combines with the AUo g 
metals with much difficulty. Its remarkable affinity for plati- ° r> 
num is known by the experiments of M. Boussingault ; but it 
may be heated as often and as long as we choose in a platinum 
crucible, without any combination taking place. But if we 
endeavour to reduce silicium by potassium in a platinum cruci- 
ble. the silicium penetrates deeply into the platinum wherever 
this is touched by potassium. Copper, silver, lead, and tin, 
heated with silicium by the blow-pipe, do not seem changed 

in their appearance, nor in their ductility ; notwithstanding 
when they are treated with acids they leave a small quantity of 
silica. 

Silicium combines with potassium at a high temperature, but 
without the evolution of a remarkable heat. It affords two 
combinations ; one with excess of potassium, of a dark-grey, 
and which dissolves completely in water ; the other, with less 
potassium, is obtained by the reduction before stated, or by 
exposing the first to a very strong heat. 

1697. M. Berzelius endeavoured to ascertain the composition OTidntioBof 
of Mica by effecting the oxidation of silicium in a direct man- suemm. 
ner. For this purpose 100 parts of pure silicium were burnt 

with carbonate of soda. The mass, treated by muriatic acid, 
evaporated to dryness, and strongly heated, was dissolved in 
water, and left some silica coloured grey by carbon, which, well 
washed and ignited, became snow-white, and weighed 203,75. 

The solution obtained and the waters of the washing were evap- 
orated afresh, and the saline residuum heated to redness. 
Treating this with water it still gave a little silica, which, after 
the addition of a drop of ammonia, took at the expiration of 
some hours a colour inclining to a yellowish-brown ; when 
heated to redness it weighed 1,5 ; it had lost its dark colour, 
but it was not snow-white. With soda it gave on platinum foil 
54 
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a faint but evident trace of manganese. 100 parts of siliciom 
had consequently absorbed 105,25 of oxygen, and produced 
205,25 of silica. The experiment was repeated on a portion 
of silicium on which fluoric acid had been evaporated, in order 
to be more certain that all the silica had been removed. 100 

E arts of silicium, previously calcined to redness in the air, gave, 
y the process described above, 202 of silica ; and by evapora- 
tion of the waters, 1 part ; or in all 208 of silica. 

According to these two experiments silica is composed of 

Silicium 48,72 to 48,08. 

Oxygen 51,28 to 51,92. 

1698. It still remains to be decided to wbat class of simple 
bodies silicium belongs. Since it has no lustre, nor the proper- 
ty of conducting electricity in the state in which it has hitherto 
been obtained, its properties bring it near to boron and carbon. 
Carbon possesses the metallic lustre, and conducts electricity, 
but it is not considered as a metal ; and if silicium could be 
melted, it then perhaps would have these properties, which it 
does not possess in a pulverulent state. Uranium, under this 
last form can be distinguished but with difficulty by its appear- 
ance from silicium ; and when crystallized, on the contrary, it 
has the metallic lustre and is transparent on the thinnest edges. 
Columbium and titanium also approach silicium by their chemi- 
cal properties.* 

1699. Oxide of Silicium , Silica, or Siliceous Earthy is a 
very abundant natural product. It exists pure in rock-crystal, 
and nearly pure in flint. It may be obtained tolerably pure 
from flints by the following process : — Procure some common 

S in-flints, and calcine them in a crucible in a low red heat. 

y this treatment they will, become brittle, and easily reducible 
to powder. Mix them, when pulverized, with three or four 
times their weight of carbonate of potassa, and let the mixture 
be fused in a strong red heat, in a crucible. The materials 
must bear only a small proportion to the capacity of the cruci- 
ble ; and the heat must at first be very moderate, and slowly 
increased. Even with this precaution, the mass on entering 
into fusion, will be apt to overflow; and must be pressed down, 
as it rises, by an iron rod. When this effervescence has ceased, 
let the heat be considerably raised, so that the materials may be 
in perfect fusion during half an hour, and pour the melted mass 
on a copper or iron dish. We shall thus obtain a compound of 
alkali and siliceous earth. Dissolve this in water, filter the 
solution, and pour it into diluted sulphuric or muriatic acid. 
An immediate precipitation will ensue, and as long as this con- 
tinues, add fresh portions of the solution. In precipitating the 
alkaline solution of silica, more acid must be used than is suffi- 
cient to engage the alkali ; and the alkaline liquor must be 
added to the acid, and not the reverse; for, in the latter 
case the precipitate will be glass and not silica. Let the pre- 

• Berzelius, jfm, 4 • Chim. tt Pkyt. situ. p. 997. 
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capitate subside, pour off the liquor that floats above it, and 
wash the sediment with hot water, till it comes off tasteless. 

Then dry i U 

Silica, obtained by this process, though pure enough for 
many experiments, may still contain a portion of alumina. 

To separate the latter earth, boil the precipitate with diluted 
sulphuric acid, to which a little sulphate of potassa may be 
added. The alumina will thus be dissolved ; and the silica may 
be freed from the solution of alum by repeated washings with 
water. Even silica, however, that has been most carefully 
washed, still gives traces of potassa on the application of elec* •* 
tro-chemical powers. (Davy.) H. 8. 616. 

According to Prof. Brande silica may be obtained of suffi- 
cient purity for most purposes by heating rock crystal to red- 
ness, quenching it in water, and then reducing it to fine pow- 
der. 

1700. Silica is white ; its specific gravity is 8,66. It fuses at Properties 
a very high temperature. In its ordinary state it is insoluble 

in water ; but it dissolves in very minute portions in that fluid, 
when recently precipitated in the form of gelatinous hydrate ; 
and in the same state it dissolves sparingly in the acids. It 
readily unites with the fixed alkalies, and forms glass;* or, if 
the alkali be in excess, a liquid solution of the earth may be 
obtained ( liquor silicum ,) from which it is precipitated in the 
state of a gelatinous hydrate by acids. This alkaline solution, 
after having been kept for several years, has formed small crys- 
tals of silica. It sometimes forms a deposit much like calce- 
dony, and as hard.* 

1701. In consequence at its possessing a stronger affinity for 
alkalies and earths than for acids, as well as from its other hab- 
itudes, silica has been thought to present a closer analogy with 
acids than with earths ; but on the other hand it is deficient in 
come of the characters which have hitherto been deemed essen- 
tial to acidity. H. 2. 618. 

1702. Glass is essentially a compound of silica with fixed m r , f 
alkali, a variety of other substances being occasionally added for 
particular purposes, among which oxide of lead is perhaps the 
most important. Bottle glass is obtained from a mixture of 
alkali and common sand, but flint glass is prepared from a 
very pure siliceous sand, a little of the oxide of lead and of 
manganese, being added to aid the vitrification, and prevent the 
green tint which is produced when any oxide of iron is present. 

The art of colouring glass and of making artificial gems is of 

an old date, and effected by metallic oxides.t 

* 8m T h o— op, Sint Prm. i. IM. 

f The metals employed u colouring utliriftli ire t 1. Gold. The prple of Cassius imparts a Cm 
ruby tint. 2. Silver. Oxide or phosphate of silver gives a yellow colour. 3. Iron. The oxides of 
iron produce green, yellow, end brown, depending upon the stele of oxidixement and quantity 4. 

Copper. The oxides of copper give e rich green ; they also produce e red when mixed with a smell 
prop or t i on of tarter, which tends partially to reduce the oxide. 6 Antimony imparts a rich yellow. 

•* Manganese. The blech oxide of this motel, in large quantities, forms a black glass ; in smaller 
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1703. Glass vessels must be cooled very slowly, otherwise 
they become very brittle, and this process is termed the anneal 
ing of glass. When glass is properly prepared, very few 
chemical agents have any action on it. Fluoric acid, however, 
dissolves it readily, from the powerful affinity which it has for 
silica. The alkaline metals appear to decompose glass, combin- 
ing with the oxygen of the potassa or silica ; and Sir H. Davy 
found that the oxide of lead, which fine glass contains, is acted 
on by muriatic acid at a high temperature, chloride of lead and 
water being formed.* 

1704. Silica is a very abundant product of nature. It consti- 
tutes a principal ingredient of several rocks, that form extensive 
mountain masses ; it composes a large proportion of the sand 
found in the beds of rivers, and on the sea shore, and enters 
largely into several minerals, as quartz, calcedony, flint, opal, 
&c. It constitutes an essential ingredient of fertile soils, and 
renders them porous and open to the transmission of mois- 
ture. H. 

1705. The only acid body which acts energetically upon 
silica is the hydrofluoric acid. (982) The result of this action 
is a gaseous compound, which has been called silicated fluoric 
acid , or fluo-silicic acid ; it is probably a compound of silicium 
and fluorine. 

1706. To obtain this gaseous compound, three parts of fluor 
spar, and one of silica finely powdered, are mixed in a retort 
with an equal weight of sulphuric acid. Or finely powdered 
.fluor spar m*y be mixed with half its weight of pulverized glass 
and an equal weight of strong sulphuric acid ; a gentle heat is 
applied, and the gas evolved is to be collected over mercury. 

1707. Silicated fluoric acid is a colourless gas; its odour is 
acrid, much resembling muriatic acid ; its taste very sour; its 
specific gravity 3,574t compared with air; 100 cubic inches 
weigh 110,78 grains, { so that its specific gravity to hydrogen 
is 49,2. It extinguishes burning bodies. It produces white 
fumes when in contact with damp air ; and when exposed to 
water, two compounds of silica with fluoric acid are formed ; 
the one acid , and dissolved in the water ; the other containing 
excess of silica, and insoluble. The dry compound contains 62 
per cent, of silica ; the aqueous solution only retains 55 per cent 
Water dissolves 260 times its bulk of this gas. 

1708. When one volume of silicated fluonc acid is mixed with 
two of ammonia, a total condensation ensues, and a dry silicfb 
fiuatc of ammonia results. 

quantities, rarioot shades of purple. 7. Cobalt, in the state of oxide, fires beautiful bloes of rarioos 
shades ; and with the yellow of antimony or lead it produces freest. 8. Chrome prodaces fins 
and reds, depend! nf upon the state of oiidisemeot. 

The followinf are the best authorities upon the subject of coloured f lasses and artificial ferns 
Neri, Art dt la Ftrrtri s Knnckel. Footaineau, Encycloftdi • Mttkodiqu*. AnnaUt dt Chios* K 
Pkyt. sir. 67. Aildn*s Dictionary, Art. Olasa. 

* WkiU Enamel is merely flats, rendered more or less milky or opaque by the addition of oxide 
tin t it forms tbo basis of the coloured enamels, which are tinfed with the metallic oxides, 
f 3,6111. T. $ 110,1886, T. 


Digitized by 


Google 


ALUMINUM'. 


429 


1709. Potassium when heated in this gas, bums and produces 
a brown compound, which when dissolved in water, affords 
kydrofluate of potassa . 

1710. It appears from the experiments of Mr J. F. Daniel], 
that silicium exists in some of the varieties of cast-iron:* and 
an alloy containing it has been formed by M. M. Stromeyer and 
Berzelius, t by exposing a mixture of pure iron, silica and char- 
coal, to an intense heat. 


Section XXXVIII. Aluminum . 

1711. The earth alumina constitutes some of the hardest 
gems, such as the sapphire and ruby ; and combined with water, 
it gives a peculiar softness and plasticity to some earthy com- 
pounds, such as the different kinds of clay. — The experiments 
of Sir H. Davy afford a strong presumption that alumina is a 
metallic oxide ; but its base, aluminum , has not been yet 
obtained in such a state as to make its properties an object of 
investigation. Yet alloys have been formed which give suffi- 
cient evidence of its existence, and the presence of oxygen in 
alumina is proved, by its changing potassium into potassa, when 
ignited with that metal. H. 2. 6024 

1712. To obtain pure alumina we dissolve alum in 20 times 
its weight of water, and add to it a little of the solution of car- 
bonate of soda, to throw down any iron which may be present. 
Wp then drop the supernatant liquid into a quantity of the water 
of ammonia, taking care not to add so much of the aluminous 
solution as will saturate the ammonia. The volatile alkali 
unites with the sulphuric acid of the alum, and the earthy basis 
of the latter is separated in a white spongy precipitate. This 
must be thrown on a filter, washed by repeated affusions of 
water, and then dried. Or if an alum, made with ammonia 
instead of potassa, as is the case with some French alums, can 
be got, simple ignition dissipates its acid and alkaline constitu- 
ents, leaving pure alumina. U. 147.§ 

1713. Alumina is destitute of taste and smell. When mois- 
tened with water, it forms a cohesive and ductile mass, suscep- 

* Journal of Science and the Arts, Vol. ii. j Gilbert’s Jnnaltn. , xxxviii. 

t There con be little donbt of the existence of silicium and aluminum, as wen as of calcium, and 
probably magnesium, in some of the varieties of cast-iroo and steel. By fusing highly carburetted 
■tael with alumina, a peculiar alloy results, which is white, granular, and brittle, and which yields on 
analysis 6,4 per cent, alumina. On fusing 67 parts of this alloy with 600 of steal, a compound is 
obtained, which possesses all tlfc characters of the best Bombay wools (1140), and like it, when its 
surface is polished and washed over with dilute sulphuric acid, exhibits the striated appearance called 
damask, for which the celebrated sabres of Daunascus are remarkable, and which renders it probable 
that they also are made of woots. (Quarterly Journal of Scitnce and Arts, ix.) Many of the vari- 
eties of cash iron aford lima and sitiea when dissolved io acids, and it is highly probable that those 
Mhstancas as well as the alumina in the wools, exist combined with the iron in their deoxidised or 
aetanie state. B. 

% Gay-Lussac, Jim, da Ckim. tt Pkyt. v. 101. 
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tible of being kneaded into a regular form. It is not soluble in 
water ; but retains a considerable quantity, and is, indeed, a 
hydrate, containing, when dried at the temperature of the atmos- 
phere, almost half its weight of water. Even after ignition, 
alumina has such an affinity for moisture, that it can hardly be 
placed on the scale, without acquiring weight Berzelius found, 
that 100 parts of alumina, after being ignited gained 15} 
from a dry atmosphere, and 33 from a humid one. For full 
saturation, 100 grains of alumina, he ascertained, require 54 of 
water. 41 It does not affect vegetable colours. It is dissolved 
by the liquid fixed alkalies, and is precipitated by acids un- 
changed. In ammonia it is very sparingly soluble. It is not 
soluble in alkaline carbonates. 

Baryta and strontia combine with alumina, both by fusion, 
and in the humid way. 'In the first case the result is a greenish 
or bluish coloured mass. In the second two compounds are 
formed. The first containing an excess of alumina, is in the 
state of an insoluble powder ; the other, having an excess of the 
alkaline earth, remains in solution. 

1714. Alumina has the property of shrinking considerably in 
bulk, when exposed to heat. On this property is founded the 
pyrometer of Mr Wedgwood which measures high degrees of 
heat, by the amount of the contraction of regularly shaped 
pieces of china clay.t This instrument, however, is notan accu- 
rate measurer of heat, since the contraction of clay is influ- 
enced not merely by the degree of heat to which it is exposed, 
but by the mode of its application. H. 

1715. From indirect experiments, Sir H. Davy derived 24 as 
the number representing alumina, from which, deducting one 
atom of oxygen = 8, we obtain 16 for the equivalent of alumi- 
num. The number for the equivalent of alumina, deduced by 
Gay-Lussac,} is 21,611, oxygen being 10; = 17,28, when 
hydrogen is taken as the decimal unit. Dr Thomson§ from 
recent experiments, concludes it to be 2,25, oxygen being 1 ; as 
18 when hydrogen is made unity. The former determination 
would reduce the atom of aluminum to 9,28, and Dr Thomson’s 
to 10, the atom of oxygen being considered as 8. Mr R. Phil- 
lips is of opinion that the atom of alumina is correctly express- 
ed by 27, and Mr Brande|| fixes it at 26. 

1716. Muriate of Jllumina may be formed by dissolving 

fresh prepared alumina in muriatic acid, but the acid is always 
in excess. It is scarcely possible to obtain this salt in crystals, 
for by evaporation it becomes a thick jelly. It is extremely 
soluble in water, and when dried deliquiates. At a high tem- 
perature it abandons its acid. * 

• Ann do Chian. Ixuii. 14. 

f For a description of this instrument see Henry* t Chemistry, it. 604 

X Ann. de China. et Pbjs. xvi. SO. 0, Ann. of Philos. N. S. ali. 108, and T. Fust Pris. 1. SA 

|[ Quart. Jodr. air. M. 


Digitized by LjOOQle 


ALUM. 


431 


1717. Nitrate of Alumina may be formed in the same man- Nitrate, 
ner as the last mentioned compound. The solution which is 
always acid, crystallizes in thin ductile plates. The crystals 

are extremely soluble, and deliquescent. At a high tempera- 
ture they are decomposed. Potassa throws down alumina from 
the solution, but if added in excess, re-dissolves the precipi- 
tate.* H. 2. 606. 

1718. One of the saline combinations of alumina is of impor- A iom. 
tant use in the arts, namely, alum; t a triple sulphate of 
alumina and potassa . This salt is usually prepared by roast- 
ing and lixiviating certain clays containing pyrites; to the leys, 

a certain quantity of potassa is added, and the triple salt is 
obtained by crystallization.^ 

Alum has a sweetish astringent taste. It dissolves in 5 parts 
of water at 60°, and the solution reddens vegetable blues. It 
furnishes octoedral crystals. In its crystalline form it consists, 
according to some recent experiments made by Mr R. Phil- 
lips, of 

Sulphate of alumina 123,00 

Bi -Sulphate Of potassa 119,32 Composition. 

Water 187,00 


429,32 

Mr Phillips adopts the number 27 as the representative of 
alumina, and considers alum as a compound of 2 proportionals 
of sulphate of alumina, 1 of bi-sulphate of potassa, and 22 of 
water. 

Dr Thomson does not admit that bi-sulphate of potassa exists 
in alum, and contends that it is constituted of 1 atom of sul- 
phate of potassa, 3 atoms of sulphate of alumina, and 25 atoms 
of water.§ 

1719. When alum is exposed to an intense heat, it loses 
water, and a portion of acid ; but the whole of the acid cannot A,0,nen 
be expelled. It becomes light and spongy; and in this state is 0 ‘ U,m ' 
called in the Pharmacopoeia , Alumen ustum , or exsiccatum. 

• For a more particular account of the nitrate# of alumina, tee Thornton’# First Principles, Vol. V. 

t When alumina and sulphuric acid form a triple salt with some other salifiable bate instead of 
potasaa. the compound is also called alum, but the name of that base is also prefixed to it. Thus am- 
montaeal alum is the sulphate of alumina and ammonia ; soda alum is the sulphate of alumina and 
soda. 

t Sulphate of alumina will not crystallize ; bnt if a solution of sulphate of potassa be added to solu* 
tioe of salphnte of alumina, small octoedral crystals of slum are. precipitated. 

$ First Princip. i. 307.— Considerable differences exist in the statements which have been fivrn 
by different analysis!*, of the composition of alum, as will appear from the following table : 


100 parts contain 

Acid. 

Alumina. 

Potassa. 

Water. 

According to Vaoqaelin . . ? . 
R. Phillips . . . 

. 90.53 . 

. 39. 

. 94,94 . 

. 34.23 . 

, 33.83 . 

. 32,85 . 

. 10,50 . . 
.12, 

. 11,18 . . 

. 10.86 . . 

. 10,80 . . 

. 11,99 . . 

. 10.40 . „ 

. 9, . . 

. 10,33 . . 

48,53 

46, 

. 43.56 

Do. corrected by Thomson . . , 
Dr Thomsen . , . 

9,81 . 

9.90 . . , 
. 9,85 . . , 

. 46, 

. 46, 

. 46,21 H. 
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If alum contain excess of potassa it forms cubic crystals, and is 
known under lhe name of* cubic alum. 

1720. When alum is ignited with charcoal, a spontaneously 
inflammable compound results, which has long been known 
under the name of Homber^s pyrophorus. The potassa 
appears to be decomposed in this process, along with the acid 
of the alum, and pyrophorus is probably a compound of sulphur, 
charcoal, and potassium, with alumina. 

Pyrophorus may be prepared by the following process. Mir 
equal parts of honey, or of brown sugar with powdered alum, 
in an iron ladle, melt the mixture over a Are, and keep it stir- 
red till dry : reduce the dry mass to powder, add a few grains 
of potassa, and introduce it into a common phial coated with 
clay, and placed in a crucible of sand. Give the whole a red 
heat, and when a blue flame appears at the neck of the phial 
allow it to burn about five minutes, then remove it from the 
fire ; stop the phial, and allbw it to cool, taking care that air 
cannot enter it. 

Dr Hare recommends the following method, which affords a 
pyrophorus that rarely fails. Take three parts of lampblack, four 
of calcined alum, and eight of pearlashes ; mix them thorough- 
ly, and heat them in an iron tube to a bright cherry red for one 
hour. On removal from the fire the tube should be carefully 
stopped. When well prepared and poured out upon a glass 
plate and especially when hreathed upon, the pyrophorus kin- 
dles with a series of small explosions.* The inflammability of 
this compound arises from the presence of potassium. (See 
Alloys , of Potassium , p. 242.) 

1721. Alum is of extensive use in the arts, more especially 
in dyeing and calico-printing, in consequence of the attraction 
which alumina has for the colouring matter. 

1722. A triple sulphate of alumina and soda is described 
in the Quarterly Journal of Science and the Arts , (viii. 386.) 
in the form of irregular efflorescent octoedra : it appears to 
contain 2 proportionals of sulphate of alumina, 1 proportional 
bi-sulphate of soda, and 28 proportionals water.t 

1723. Magnesia, also, it appears, is capable of furnishing a 
base to alum ; but like the last species it has not been applied 
to any useful purpose. 

1724. A neutral sulphate of alumina was obtained by Ber- 
zelius by the following process He decomposed alum by am- 
monia; washed the precipitate, and re-dissolved it in sul- 
phuric acid. . To the liquor, after evaporation, he added alcohol, 
which threw down a sulphate nearly neutral, and rendered 
perfectly so, by being washed with farther portions. Gay-Lus- 

* The pyrophorus obtained by Dr Horn’s process should be removed from the tube with great eaa- 
tion, as it basbeen found to explode violently on tbc introduction of a rod for the purpose of loosening 
it.— Silliman in Amer. Jour, qf Science, x. 36*7. 

f Ammoniacal Alum has been examined by RifTauit (Ann. de Chim. ft Phyt. ix. 106) who 
to consist of 1 atom sulphate of ammonia, 3 atoms sulphate of alumina and 24 atoms water. 
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sac has also given the following process, for preparing a neutral 
sulphate of alumina. On alum with base of ammonia, boil nitro- 
muriatic acid, till all the ammonia is destroyed, and evaporate 
to dryness to expel all the nitric and muriatic acids. The 
ammonia is decomposed by the chlorine, which results from 
the mutual action of those two acids, and the alumina remains 
in combination with sulphuric acid only. The saturated solu- 
tion of this salt in water is an excellent test to discover potassa ; 
for a drop or two, added to a solution of that alkali, or of any 
of its salts, immediately causes a precipitation of alum.* It is 
most probably constituted of 1 atom of acid + 1 atom of base. 
H. 2. 609. 


Section XXXIX. Zirconium. 

1725. The base of zirconia, or zirconium , was investigated 
by Sir H. Davy in the same manner as the bases of other earths. 
When potassium was brought into contact with zirconia ignited 
to whiteness, potassa was formed, and dark particles of a metal- 
lic aspect were diffused through the alkali. 

Berzelius has more lately obtained zirconium by a process 
analogous to that by which he obtained silicium. (16S5)t 

1726. Zirconium, according to Berzelius, is as dark coloured 
as carbon, it is not oxidized by water. Muriatic acid does not 
act upon it, but nitro-muriatic and fluoric acids dissolve it ; the 
action of the latter being attended with the disengagement of 
hydrogen. It burns at a moderately elevated temperature, 
with great brilliancy. It combines with sulphur and forms a 
brown compound, insoluble in muriatic acid and in alkalies. 
The sulphuret burns with the production of sulphurous acid 
gas and zirconia.}: 

1727. The earth zircon , or the oxide of zirconium , is found 
in the zircon or jargon of Ceylon ; in the hyacinth and in the 
eudialyte from Greenland. 

1728. Zirconia is obtained by the following process : Reduce 
the stone to a fine powder, having previously heated it to red- 
ness, and quenched it in water. Mix the powder with nine times 
its weight of pure potassa, and gradually project it into a red- 
hot silver crucible, and keep it in perfect fusion-for two hours. 
When the crucible has cooled, reduce the mass to a fine pow- 
der, and boil it in distilled water. Boil the undissolved resi- 
due in muriatic acid ; filter, and evaporate to dryness ; re-dis- 
solve the dry mass in distilled water, and precipitate by carbo- 
nate of soda. The carbonate of zirconia which falls may be 
decomposed by heat. 

The following method of obtaining pure zirconia is recom- 
mended by M. M. Dubois and Silveira.f Powder the zircons 

* Abo. de Cbira. et Pby#. vi. 201. f Ann. de ('him. et Phyt. xxxi. 40. 

} Abb. do Cb'un et Pbys. sir. 110. 
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very fine, mix them with two parts of pure potassa, and heat 
them red-hot in a silver crucible for an hour. Treat the sub- 
stance obtained with distilled water,, pour it on a filter, and 
wash the insoluble part well ; it will be a compound of zirconia, 
silica, potassa, and oxide of iron. Dissolve it in muriatic acid, 
and evaporate to dryness, to separate the silica. Re-dissolve 
the muriates of zirconia and iron in water ; and to separate the 
zirconia which adheres to the silica, wash it with weak muri- 
atic acid, and add it to the solution. Filter the fluid and pre- 
cipitate the zirconia and iron by pure ammonia; wash the pre- 
cipitates well, and then treat the hydrates with oxalic acid, boil- 
ing them well together, that the acid may act on the iron, 
retaining it in solution whilst an insoluble oxalate of zirconia is 
formed. It is then to be filtered, and the oxalate washed, until 
no iron can be detected in the water that passes. The earthy 
oxalate is, when dry, of an opaline colour ; after being well 
washed, it is to be decomposed by heat in a platinum crucible. 
Thus obtained, the zirconia is perfectly pure, but is not af- 
fected by acids. It must be re-acted on by potassa as before, 
and then washed until the alkali is removed. Afterwards dis- 
solve it in muriatic acid, and precipitate by ammonia. The 
hydrate thrown down, when well washed, is perfectly pure, 
and easily soluble in acids. 

1729. Zirconia is in the form of a fine white powder, which, 
when rubbed between the fingers, has somewhat of the harsh 
feel of silica. It is entirely destitute of taste or smell. Its spe- 
cific gravity exceeds 4. It is insoluble in water, yet appears to 
have some ^ffinity for that fluid, retaining when slowly dried 
after precipitation, one third its weight, and appearing like 
gum arabic. 

It is insoluble in pure liquid alkalies; nor does it combine 
with them by fusion, but it is soluble in alkaline carbonates. 

1730. Exposed to a strong heat, zirconia fuses, assumes a 
light grey colour; and such hardness, on cooling, as to strike 
fire with steel and to scratch even rock crystal. 

1731. It dissolves readily in acids. Its solution in muriatic 
acid, when sufficiently heated, becomes milk white, and runs in 
some measure into a jelly, especially if concentrated to a certain 
point by evaporation. 

1732. From the muriatic solution of zirconia, oxalic acid 
throws down a white precipitate, which is re-dissolved by an 
excess of the acid. 

It is precipitated from its acid solutions, by the neutral succi- 
nates and benzoates, in copious white bulky flocks, which are 
again readily dissolved by an excess of succinic acid. It is 
also thrown down from its solutions by tartaric acid, malic 
acid, and tartrate of potassa. 

From a sufficiently neutral solution of zirconia, ferrocyanate 
of potassa throws down a greenish blue precipitate, which, on 
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adding muriatic acid, becomes more blue, but after some time 
changes into a celadon-green. 

Hydrosulphuret of ammonia produces, in the muriatic solu- 
tion of zirconia, a dark olive or blackish-green precipitate in 
very loose flocks. This precipitate may be washed with water 
without changing colour ; but when exposed to sunshine, it 
becomes white. 

1733. Professor Pfaff has remarked, that in most of their Re>embie» 
properties there is a striking resemblance between zirconia and ol tlU ‘ 
oxide of titanium. The only re-agent, which acts in a strik- 
ingly different manner upon solutions of oxide of titanium and 
zirconia, is tincture of galls, which, from the common solution 
of oxide of titanium, throws down a reddish brown precipitate, 
whereas from solution of zirconia, it occasions a deposition of 
yellow flocks.* H. 2. 613.* 


Section XL. Glucinum. 

1734. We have no knowledge of the base of glucina. When 
obtained, its proper denomination will be glucinum. The gene- 
ral fact of its existence is proved by igniting glucina with 
potassium, which is thus changed into potassa. 

1735. The earth glucina was discovered by Vauquelin in the Properties, 
beryl, euclase and the emerald. It is white and insipid ; its 
specific gravity = 2,97. It dissolves in caustic potassa and 

soda, and thus resembles alumina, but differs from yttria. 

Again it differs from alumina, but resembles yttria in being 
soluble in carbonate of ammonia ; it is much more soluble in this 
solution than yttria. With the acids it forms saline com- 
pounds of a sweetish astringent taste. 

1736. To obtain glucina from either of these minerals pro- 
ceed as follows : — Reduce it to a fine powder, and fuse it with 
thrice its weight of potassa ; dissolve in a dilute muriatic acid ; 
evaporate to dryness ; re-dissolve in water, and precipitate by 
carbonate of potassa. Dissolve this precipitate in sulphuric 
acid and add a little sulphate of potassa, and on evaporation 
crystals of alum will be obtained. These being separated, add 
excess of carbonate of ammonia to the residuary liquor, which 
will retain glucina in solution, but the alumina will be precipi- 
tated ; filter, and evaporate to dryness, and apply a red heat ; 
glucina remains. 

Glucina is inferred from analogy to be a compound of 1 atom 
glucinum + 1 atom of oxygen. T. 

* Ann. *f Philo*, xiii. 13. 
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Section XLI. Yttrium . 

1737. In 1794 Professor Gadolin discovered a new earth in 
a mineral from the quarry of Ytterby in Sweden, to which 
Eckeberg, in 1797, gave the name of Yttria. The mineral 
has since been termed Gadolinite . Oxide of yttrium, or 
yttria, may be obtained by the following process: Pulverise 
the mineral and boil in repeated portions of nitro-muriatic 
acid ; evaporate neyly to dryness, dilute with water, and 
filter ; evaporate to dryness, ignite the residue for some hours 
in a close vessel, re-dissolve, and filter. To this solution add 
ammonia, which throws down yttria and oxide of cerium ; heat 
the precipitate red-hot, dissolve it in nitric acid, and evaporate 
to dryness; dilute with 150 parts of water, and put crystals 
of sulphate of potassa into the liquid. The crystals gradually 
dissolve, and, after some hours, a white precipitate appears of 
oxide of cerium, the whole of which must be separated by a 
repetition of the process. The liquor is then to be filtered, and 
the addition of pure ammonia forms a precipitate of yttria, 
which is to be washed and heated red-hot.* 

1738. Yttria is insipid, white, and without action on vege- 
table colours. It is insoluble in water, but very retentive of it. 
Insoluble in pure alkalies, but readily soluble in carbonated 
alkalies. It forms salts which have a sweetish austere taste, 
and which have been little examined. From indirect experi- 
ments it probably contains 25 per cent, oxygen. B. 

1739. It is precipitated from its solutions by the oxalic acid, 
and by oxalate of ammonia, in a state resembling fresh precipi- 
tated muriate of silver. Prussiate of potassa throws it down in 
small white grains passing in a short time to pearl grey ; phos- 
phate of soda in a white gelatinous form; and infusion of galls 
in brown fiocculi. 

Yttria which has been a long time exposed to the action of 
fire, gives out chlorine gas, when dissolved in common muriatic 
acid ; thus manifesting one property of a metallic oxide.t H. 
2. 602. 

1740. Phosphate qf Yttria has been lately discovered in 
Norway, in crystals of a yellowish brown colour, which, accord- 
ing to the analysis of Berzelius, co nsist of 

Yttria 62,58 

Phosphoric acid, with a little fluoric acid . 33,49 
Phosphate of iron, with excess of base . . 3,93J 

* Benelittt in Thomson’s Cktmislry, Vol. i. p. 357. t Nicholson's Journal, xriii. 77. 

x Brewster's Journal, lii. 329. 
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Section XLII. Thorinum. 

1741. In examining some minerals from the neighbourhood 
of Fahlun in Sweden, Prof. Berzelius found in them a new 
earth, which he had also extracted, in the year 1815, from the 
mineral gadolinite . In these minerals this earth was combined 
with the fluate of cerium and yttria. 

Of the metallic base of this earth nothing is known, but from 
analogy it is inferred to be constituted of such a base united to 
oxygen : and to this supposed base the name Thorinum was 
given, from Thor, ^'Scandinavian Deity. 

1742. Thorina was obtained by the following process. The 
pulverized mineral was first treated with concentrated sulphuric 
acid, which decomposed the greater part of it, and expelled the 
fluoric acid. From this solution, sulphate of potassa precipitated 
the oxide of cerium, and caustic ammonia afterwards occasioned 
a farther precipitate. This, dissolved by long digestion in 
muriatic acid, consisted of the muriates of yttria and of the new 
earth. It was evaporated to dryness, in order to expel the 
excess of acid, and water poured over it to dissolve the muriate 
of yttria. The residue was subjected to the action of muriatic 
acid, and the solution accurately saturated by caustic ammonia. 
On adding water, and applying a boiling. heat, a white gelatinous 
precipitate fell, which was collected on a filter. The liquor, 
that passed through the filter, was again saturated with pure 
ammonia, and heated to ebullition, which occasioned a fresh 
precipitation of the same earth. This, when washed and gen- 
tly dried, is the substance in question. 

1743. This earth, when dried, is perfectly white; it absorbs 
carbonic acid, and dissolves with effervescence in acids. After 
calcination, its white colour remains unimpaired ; but if the heat 
has been strong, it is rendered less easily soluble in acids. The 
neutral solutions of it have a purely astringent taste, which is 
neither sweet, nor saline, nor bitter, nor metallic, a property in 
which it differs from all the earths except zirconia. 

1744. When dissolved in a slight excess of sulphuric acid, 
and subjected to evaporation, it yields transparent crystals, 
which are not altered by exposure to the air, and have a sweet 
astringent taste. 

1745. It dissolves readily in nitric and muriatic acids, but 
does not afford crystallizable salts. When precipitated by pure 
alkalies, it absorbs carbonic aeidfrom the air with avidity ; and 
the alkaline carbonates throw it down, in combination with the 
whole of their carbonic acid. It is precipitated by the oxalate, 
tartrate, and benzoate of ammonia. Succinate of ammonia occa- 
sions a precipitate, which is immediately re-dissolvcd ; and 
ferro-prussiate of potassa throws down a white precipitate, which 
is soluble in muriatic acid. 
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1746. It is not soluble, even when fresh precipitated and at a 
boiling temperature, by the pure alkalies. The alkaline carbo- 
nates dissolve it, but much more sparingly than any other earth, 
on which they are capable of acting. 

1 747. It is not reducible, when strongly heated in contact with 
charcoal. Before the blow-pipe, it cannot be brought into Aision. 
With borax or phosphate of soda, it fuses into a transparent 
glass, but is infusible with soda. 

1748. Thorina differs from the other earths in the following 
properties : From alumina and glucina , by its insolubility in 
liquid potassa : from yttria , by its solutions being purely astrin- 
gent to the taste, without any sweetness, and by the property 
of being precipitated at a boiling heat, except when prevented 
by too great an excess of acid. It differs from zirconia in the 
following respects : 1st, Because after being ignited, it is still 
soluble in acids. 2d, It is not precipitated by sulphate of potassa, 
which throws down zirconia, even from solutions containing 
a considerable excess of acid. 3d, Thorina is precipitated by 
oxalate of ammonia, which is not the case with zirconia. 4th, 
Its combination with sulphuric acid crystallizes readily, while 
sulphate of zirconia forms, when pure and dried, a gelatinous 
mass, without any trace of crystallization. H. 2. 610.* 


CHAPTER V. 

OF THE ANALY8IS OF MINERALS.t 

object of 1749. Chemical analysis consists of a great variety of opera- 

JilSJUJ. 1 tions, performed for the purpose of separating the component parts 

of bodies. In these operations the most extensive knowledge 
of such properties of bodies as are already discovered must be 
applied, in order to produce simplicity of effect, and certainty 
in the results. Chemical analysis can hardly be executed with 
success, by one who is not if possession of a considerable num- 
ber of simple substances in a state of great purity, many of 
which, from their effects are called reagents . 

As most of the improvements in the science of chemistry 
eonsist in bringing the art of analysis nearer to perfection, it is 
not easy to give any other rule to the learner than the general 
one of consulting and remarking the processes of the best 
chemists, such as Scheele, Bergman, Berthollet, Kirwan, Vau- 
quelin, and Berzelius. The bodies which present themselves 

* There hat lately appeared ia some of the Scientific Journals an extract of a letter from Bene lias 
in which thorina is said to be a phosphate of yttria with an excess-of base ; bat as no detailed accoaat 
of experiments on this subject has been met with, the brief notice alladed to was not deemed stA 
eient authority for excluding thorinum from the metals, 
f From Ure’s Dictionary, p. 161—4. 
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more frequently for examination than others, are minerals and 
mineral waters. In the examination of the former, it was the 
habit of the earlier chemists to avail themselves of the action 
of fire, with very few humid processes, which are such as might 
be performed in the usual temperature of the atmosphere. 
Modern chemists have improved the process by fire, by a very 
extensive use of the blow-pipe ;* and have succeeded in deter- 
mining the component parts of minerals to great accuracy in 
the humid way. 

Several authors have written on the examination of earths 
and stones.t 

1750. The first step in the examination of consistent earths or 
stones is somewhat different from that of such as are pulverulent. 
Their specific gravity should first be examined ; also, their hard- 
ness, whether they will strike fire with steel, or can be scratch- 
ed by the nail, or only by crystal or stones of a still greater 
hardness ; also their texture, perviousness to light, and whether 
they be manifestly homogeneous or compound species, &c. 

2d, In some cases, we should try whether they imbibe water, 
or whether water can extract any thing from them by ebulli- 
tion or digestion. 

3d, Whether they be soluble in, or effervesce with acids, 
before or after pulverization ; or whether decomposable by boil- 
ing in a strong solution of potassa, &c. as gypsums and ponder- 
ous spars are. 

4th, Whether they detonate with nitre. 

5th, Whether they yield the fluoric acid by distillation with 
sulphuric acid, or ammonia by distilling them with potassa. 

6th, Whether they be fusible per se with a blow-pipe, and 
how they are affected by soda, borax, and microcosmic salt ; 
and whether they decrepitate when gradually heated. 

7th, Stones that melt perse with the blow-pipe are certainly 
compound, and contain at least three species of earth, of which 
the calcareous is probably one ; and if they give fire with steel, 
the siliceous is probably another. 

1751. The general process prescribed by the celebrated Vau- 
quelin, in the '30th volume of the Annales de Chimie, is the 
clearest which has yet been offered to the chemical student. 

If the mineral be very hard, it is to be ignited in a covered 
crucible of platinum, and then plunged into cold water, to 
render it brittle and easily pulverizable. The weight should 
be noted before and after this operation, in order to see if any 
volatile matter has been emitted. For the purpose of reduc- 
ing stones to an impalpable powder, little mortars of highly 
hardened steel are now made, consisting of a cylindrical case 
and pestle, (fig. 123.) A mortar of agate is also used for subse- 
quent levigation. About ten grains of the mineral should be 

* See Children’* translation of Btrstlius on tht Blow-fipo, 
t See Thenard’i Trait* it Ckim. Tom. r. 
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treated at once; and after the whole 100 grains hare been 
reduced in succession to an impalpable powder, they should be 
weighed to find what increase may have been derived from the 
substance of the agate. This addition may be regarded as 
silica. 

Mott usuti 1 Of the P rimal 7 ® ai *lh8, only four are usually met with in 
•»rtbi. minerals, viz. silica, alumina, magnesia, and lime, associated 
with some metallic oxides, which are commonly iron, manga- 
nese, nickel, copper, and chromium. 

1753. If neither acid nor alkali be expected to be present, the 
Fusion, low mineral is mixed in a silver crucible, with thrice its weight of 
•fleeted. p ure p 0ta8ga anc j a Uttle water. Heat is gradually applied to the 
covered crucible, and is finally raised to redness ; at which tem- 
perature it ought to be maintained for an hour. If the mass, on 
inspection, be a perfect glass, silica may be regarded as the chief 
constituent of the stone ; but if the vitrification he very imper- 
fect, and the bulk much increased, alumina may be supposed to 
predominate. A brownish or dull green colour indicates the 
tOUrS*** presence of iron ; a bright grass-green, which is imparted 
^ to water, that of manganese ; and from a greenish-yellow, 
chromium may be expected. The crucible, still a little hot, 
being first wiped, is put into a capsule of porcelain or platinum; 
when warm distilled water is poured upon the alkaline earthy 
mass, to detach it from the crucible. Having transferred the 
whole of it into the capsule, muriatic acid is poured on, and a 
gentle heat applied, if necessary, to accomplish its solution. 
It the liquid be of an orange-red colour, we infer the presence 
of iron ; if of a golden-yellow, that of chromium $ and if of a 
purplish-red, that of manganese. The solution is next to be 
evaporated to dryness, on a sand bath, or over a lamp, tak- 
ing care so to regulate the heat that no particles be thrown 
out. Towards the end of the evaporation, it assumes a 
gelatinous consistence. At this period it must be stirred fre- 
quently with a platinum spatula or glass rod, to promote the 
disengagement of the muriatic acid gas. After this, the heat 
may be raised to fully 212° F. for a few minutes. Hot water 
separation of is now to be poured on in considerable abundance, which dis- 
•iiica. solves every thing except the silica. By filtration, this earth 
separated from the liquid; and being edulcorated with hot 
water, it is then dried, ignited, and weighed. It constitutes a 
fine white powder, insoluble in acids, and feeling gritty between 
the teeth. If it be coloured, a little dilute muriatic acid must 
be digested on it, to remove the adhering metallic particles, 
which must be added to the first solutioa. This must now be 
reduced by evaporation to the bulk of half a pint. Carbonate 
of potassa being then added, till it indicates alkaline excess? 
the liquid must be made to boil. A copious precipitation 
of the earth and oxides is thus produced. The whole is 
thrown on a filter, and after it is so drained as to assume a semi* 
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solid consistence, it is removed by a platinum blade, and boiled 
in a capsule for some time, with solution of pure potassa. 

Alumina and glucina are thus dissolved, while the. other earths 
and the metallic oxides remain. 

1754. This alkalino-earthy solution, separated from the rest by 
filtration, is to be treated with an excess of muriatic acid ; after 8 
which carbonate of ammonia being added also in excess, the 
alumina is thrown down, whi’e the glucina continues dissolved. 

The first earth, separated by filtration, washed, dried, and ignit- 
ed, gives the quantity of alumina. The nature of this may be 
further demonstrated, by treating it with dilute sulphuric acid, 

and sulphate of potassa, both in equivalent quantities, when the 
whole will be converted into alum. (See Alum.) The filtered 
liquid will deposit its glucina, on dissipatiog the ammonia, by as* g ioci QA . 
ebullition. It is to be separated by filtration, to be washed, 
ignited, and weighed. 

1755. The matter undissolved by the digestion of the liquid — of magne- 

S itassa, may consist of lime, magnesia, and metallic oxides. 

ilute sulphuric acid must be digested on it for some time. The 
solution is to be evaporated to dryness, and heated to expel the 
excess of acid. The saline solid matter being now diffused in a 
moderate quantity of water, the sulphate of magnesia: will be dis- 
solved, and., along with the metallic sulphates, may be sepa- 
rated from the sulphate of lime by the filter. The latter being 
washed with a little water, dried, ignited, and weighed, gives, 
by the scale of equivalents, the quantity of lime in the mineral. 

The magnesian and metallic solution being diluted with a large 
quantity of water, is to be treated with bicarbonate of potassa, 
which will precipitate the nickel, iron, and chromium, but 
retain the magnesia and manganese, by the excess of carbonic 
acid. Hydrosulphuret of potassa will throw down the manga- 
nese, from the magnesian solution. The addition of pure potassa, 
aided by gentle ebullition, will then precipitate the magnesia. 

The oxide of manganese may be freed from the sulphuretted 
hydrogen, by ustulation. 

1756. The mingled metallic oxides must be digested with abun- 
dance of nitric acid, to acidify the chromium. The liquid is 2ik3I MA 
next treated with potassa, which forms a soluble chromate, 
while it throws down the iron and nickel. The chromic acid 
way be separated from the potassa by muriatic acid, and diges- 
tion with beat, washed, dried till it becomes a green oxide, and 
weighed. The nickel is separated from the iron, by treating 
their solution in muriatic acid, with water and ammonia. The 
latter oxide which falls, may be separated by the filter, dried 
and weighed. By evaporating the liquid, and exposing the dry 
residue to a moderate heat, the ammoniacal salt will sublime, 
and leave the oxide of nickel behind. The whole separate 
weights must now be collected in one amount, and if they con- 
stitute a sum within two per cent, of the primitive weight, the 
analysis may be regarded as giving a satisfactory account of the 
56 
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composition of the mineral. But if the deficiency be consider 
rable, then some volatile ingredient, or some alkali or alkaline 
salt, may be suspected. 

1757. A portion of the mineral broken into small fragments, 
To acceruio * s t0 Ignited in a porcelain retort, to which a refrigerated 
the* pre*encc receiver is fitted. The water, or other volatile and condensible 
otheJ M | tl ub- and matter, if any be present, will thus be obtained. But if no loss 
stances. of weight be sustained by ignition, alkali or a volatile acid, may 

be looked for. The latter is usually the fluoric. It may be 
expelled by digestion with sulphuric acid. It is exactly charac- 
terized by its property of corroding glass. 

1758. Besides this general method, some others may be used 
in particular cases. 

To discover Thus, to discover a small proportion of alumina or magnesia 
tbnlou’iura- in a solution of a large quantity of lime, pure ammonia may be 
ina, dec. applied, which will precipitate the alumina or magnesia (if any 
be present,) but not the lime. Distilled vinegar applied to the 
precipitate will discover whether it be alumina or magnesia. 

1759. A minute portion of lime or baryta, in a solution of 
alumina or magnesia, may be discovered by the sulphuric acid, 
which precipitates the lime and baryta: the solution should be 
dilute, else the alumina also would be precipitated. If there be 
not an excess of acid, the oxalic acid is still a nicer test of lime; 
100 grains of gypsum contain about 33 of lime; 100 grains of 
sulphate of baryta contain 66 of baryta ; 100 grains of oxalate 
of lime contain 43,8 of lime. The insolubility of sulphate of 
baryta in 500 times its weight of boiling water, sufficiently 
distinguishes it. From these data the quantities are easily in- 
vestigated. 

Separation of 1760. A minute proportion of alumina in a large quantity of 
magn«ia, ro,n magnesia may be discovered, either by precipitating the whole, 
and treating it with distilled vinegar ; or by heating the solu- 
tion nearly to ebullition, and adding more carbonate of magne- 
sia, until the solution is perfectly neutral, which it never is 
when alumirta is contained in it, as this requires an excess of 
acid to keep it in solution. By these means the alumina is pre- 
cipitated in the state of embryon alum, which contains about 
half its weight of alumina, (or, for greater exactness, it may be 
decomposed by boiling it in volatile alkali.) After the precipi- 
tation the solution should be largely diluted, as the sulphate of 
magnesia, which remained in solution while hot, would precip- 
itate when cold, and mix with the embryon alum. 

1761. A minute portion of magnesia, in a large quantity of 
alumina is best separated by precipitating the whole, aud treat- 
ing the precipitate with distilled vinegar. 

1762. Lime and baryta are separated by precipitating both 
with the sulphuric acid, and evaporating the solution to a small 
compass, pouring off the liquor, and treating the dried precipi- 
tate with 500 times its weight of boiling water ; what remains 
undissolved is sulphate of baryta. 
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ANALYSIS WITH BOHACIC ACID. 

1763. The inconveniences of employing much heat are obvi- 
ous, and Mr Lowitz informs us that they may be avoided without 
the least disadvantage. Over the flame of a spirit lamp, that will 
hold an ounce and half, and is placed in a cylindrical tin fur- 
nace, four inches high and three in diameter, with air holes, 
and a cover perforated to hold the crucible, he boils the stone 
prepared as directed above, stirring it frequently. His crucible, 
which, as well as the spatula, is of very fine silver, holds two 
ounces and a half, or three ounces. As soon as the matter is 
boiled dry, he pours in as much hot water as he used at first ; 
and this he repeats two or three times more, if the refractori- 
ness of the fossil require it. Large tough bubbles arising during 
the boiling, are in general a sign that the process will be attend- 
ed with success. Even the sapphire, though the most refrac- 
tory of all Mr Lowitz tried, was not more so in this than in 
the dry way. 

1764. Sir H. Davy observes, that the boracic acid is very use- 
ful in analyzing stones that contain a fixed alkali ; as its attraction 
for the different earths at the heat of ignition is considerable, 
and the compounds it forms with them are easily decomposed 
by the mineral acids dissolved in water. His process is as fol- 
lows : Let 100 grains of the stone to be examined be reduced 
to a fine powder, mixed witn 200 grains of boracic acid, and 
fused for about half an hour at a strong red heat in a crucible of 
platinum or silver. Digest the fused mass in an ounce and 
half of nitric acid, diluted with seven or eight times the quan- 
tity of water, till the whole is decomposed ; and then evaporate 
the solution till it is reduced to an ounce and half, or two 
ounces. If the stone contained silica, it will separate in this 
process, and must be collected on a filter, and edulcorated with 
distilled water, to separate the saline matter. The fluid, mixed 
with all the water that has been passed through the filter, being 
evaporated till reduced to about half a pint, is to be saturated 
with carbonate of ammonia, and boiled with an excess of this 
salt, till all that will precipitate has fallen down. The earths 
and metallic oxides being separated by filtration, mix nitric acid 
with the clear fluid till it has a strongly sour taste, and then 
evaporate till the boracic acid remains free. Filter the fluid, 
evaporate it to dryness, and expose it to a heat of 450° F. when 
the nitrate of ammonia will be decomposed, aod the nitrate of 
potassa or soda will remain in the vessel. The earths and metal- 
lic, oxides that remained on the filter, may be distinguished by 
the common processes. The alumina may be separated by solu- 
tion of potassa, the lime by sulphuric acid, and the oxide of iron 
by succinate of ammonia, the manganese by hydrosulphuret of 
potassa, and the magnesia by pure soda. 

1765. Lately carbonate or nitrate of baryta, and carbonate with 
nitrate of lead, have been introduced into the mineral analysis 
with great advantage for the fluxing of stones that may contain 
alkaline matter.* 

* See the English translation of H. Thenard’s volume op analysis. 
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CHAPTER VI. 

OF THE ANALYSIS OF MINERAL WATERS. 

Section I. Of the Tests and Apparatus required in the 
Examination and Analysis qf Mineral fVaters. 

1766. Those who have not access to a regular laboratory will 
find it convenient to arrange the following tests and re-agents 
in the manner represented in plate vi, of this work, the larger 
phials should contain about 6 ounces by measure ; the second 
size, 3 ounces; and the smallest, 1 ounce. Of these phials, the 
greater number should be simply stopped, and a few of them 
provided with an elongated stopper dipping into the fluid which 
they contain. 

The larger phials may contain the following re-agents: 

Pure sulphuric acid. 

— nitric acid. 

muriatic acid. 

Dilute sulphuric acid, 1 acid -f- 3 water. 

nitric acid ditto. 

muriatic acid .... ditto. 

Solution of potassa. 

— soda. 

• — ■ ammonia. 

* carbonate of potassa. 

carbonate of soda. 

■ ■■' carbonate of ammonia. 

oxalic acid. 

— oxalate of ammonia. 

baryta. 

acetate of baryta. 

nitrate of baryta. 

■ phosphate of soda. 

sulphate Of silver. 

Alcohol. 

The smaller phials may contain 

Tincture of galls. 

Solution of iodine in alcohol. 

■ nitrate of silver. 

■ ■■ - ferro cyanate of potassa. 

— " muriate of lime. 

■ ' hydrosulphuret of ammonia. 

— — hydriodate of potassa. 

— — — soap in alcohol. 

Phosphorus. 

Sulphate of lime. 

Test-papers, turmeric, litmus, violet. 

Black 6ux. 

Nitrate of ammonia. 

The tray should contain a few Florence flasks (1), Wcdg* 
wood and glass basins (2, 3), a platinum and a silver crucible 
(4, 5), a silver capsule (6), some funnels (7), test-glasses (8), test- 
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lubes (9), and glass rods, filtering paper, a spirit (10), and an 
Argand’s lamp (11), a retort (12), and receiver (13), a cop- 
per basin to serve as sand-bath (14), a blow-pipe (15), a ther- 
mometer (16), a scale of equivalents (17), a dropping-bottle 
(18), a few watch-glasses (19), a support for holding glasses 
over a lamp (90), a small brass stand with rings (21), a tube, 
with a bulb in the centre and a pointed extremity tor drawing 
up small portions of liquids (23), platinum pincers (24, 25) ; a 
small but good balance, with well-adjusted weights, is also requi- 
site, accompanied by a phial and counterpoise for taking specific 
gravities ; and, lastly, a small mercurial trough. There should 
also be a plentiful supply of distilled water, a portion of which 
should be contained in a dropping bottle. 


Section II. Examination of Mineral Waters by Tests . 

1767. i. The term mineral water is applied to those natural 
spring waters which contain so large a proportion of foreign 
matter as to render them unfit for common domestic use, and 
to confer upon them a sensible flavour, and specific action upon 
the animal frame. Their temperature is liable to considerable 
variation, and is sometimes their principal character, as is the 
case with the waters of Bath and Buxton ; but they are gen- 
erally so far impregnated with acid or saline bodies, as to derive 
from them their peculiarities, and in this respect may con- 
veniently be arranged under the heads of carbonated, sulphu - 
reous , saline and chalybeate waters. The mere taste of the 
water enables us to determine to which of these subdivisions 
it probably belongs. 

ii. In examining a mineral water, it is of importance to ascer- 
tain its specific gravity, which gives us some insight into the 
proportion of its saline ingredients, its specific weight as com- 
pared with pure water, being of course augmented by its for- 
eign contents. Mr Kirwan* has given the following formula for 
calculating the proportion of saline substances in a water of 
known specific gravity : “ subtract the specific gravity of pure 
water from thatofthe water examined and multiply the remain- 
der by 1,4. The product is equal to the saline contents in a 
quantity of the water denoted by the number employed to indi- 
cate the specific gravity of distilled water. Thus suppose the 
specific gravity of the water = 1,079, and that of pure waters 
1,000, then 79 X 1,4 = 110,6 = saline contents in 1000 of the 
mineral water. 91 

This is a useful formula, but open to certain objections ; and 
as it is often of considerable importance to acquire a just know- 
ledge of the proportion of foreign bodies in water, it is advisable 
to conjoin the above method with the following: 

* Essay on Mineral Water*, p. 146. 
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iti. Evaporate a given weight, say, 1000 parts to dryness, and 
expose the residue for 24 hours to a temperature not exceeding 
300° upon a platinum capsule; weigh it while warm, and the 
mean obtained from this and the former experiment, will give 
the proportion of dry saline ingredients within an error of two 
per cent. Thus suppose 1000 parts of the above-mentioned 
water give by evaporation 1 14,4 clrv residue, then 1 10,6 -f- 1 14,4 
= 225 ■+* 2 as 112,5 = quantity of saline matter in a dry slate 
(salts deprived of water of crystallization) existing in the mine- 
ral water under investigation. 

iv. Having by these preliminary operations ascertained the 
relative quantity of foreign mailer in the water under exami- 
nation, the nature of the substances present is next to be in- 
quired into. 

1768. The substances which have been found in mineral 
waters are extremely numerous, but those which ordinarily 
occur, are the following : 

Oxygen. Carbonate of iron. 

Nitrogen. Muriate of maguekia. 


Carbonic acid. 
Sulphuretted hydrogen. 
Carbonate of lime. 
Carbonate of ntagnena. 


Sra salt. 

Sulphate of magnesia. 
Sulphate of soda. 
Sulphate of lime. 


a . Oxygen and nitrogen exist in the greater number of 
spring waters in the proportions constituting atmospheric air; 
the proportion of nitrogen is, however, not unfrequently pre- 
dominant. These gases give no peculiar flavour to the water. 

b. Carbonic acid renders mineral waters sparkling and effer- 
vescent: it is detected by occasioning a precipitate in aqueous 
solution of baryta, which dissolves with effervescence in dilute 
muriatic acid. 

c. The presence of sulphuretted hydrogen is known by its 
peculiar disagreeable smell ; by the production of a black pre- 
cipitate on dropping into the water a solution of nitrate of 
silver, and by the deposition of sulphur on adding a few drops 
of nitric acid. 

tf. The carbonates are dissolved in the water by excess of 
carbonic acid, and consequently fall upon its expulsion by boil- 
ing. Carbonate of lime and magnesia are deposited in the form 
of a white precipitate. Carbonate of iron occasions the separa- 
tion of a rusty brown ferruginous powder, and the water is 
blackened by a few drops of tincture of galls. 

e. Mr R. Phillips, in his analysis of Bath waters, has shown 
that the delicacy of galls, as a test for iron, is curiously affected 
by the presence of certain salts : if the iron be in the state of 
protoxide, its detection is facilitated by salts with a base of lime, 
and by alkalies ; if in the state of peroxide, lime prevents the 
action of the test. This is well shown by dissolving a very 
minute proportion of proto-sulphate of iron in a glass of distilled 
water, and adding a drop of tincture of galls, which occasions no 
immediate discoloration ; but a drop of lime water, or other 


Digitized by LjOOQle 



MINERAL WATERS. 447' 

alkali, instantly renders the presenc§ of iron evident ; so that the 
quantity of iron present in a water cannot be correctly judged 
of by the degree of precipitation occasioned in it by tincture of 
galls. 

f. Ferro-cyanate of potassa is also a good test to show minute 

quantities of iron in water, by the blue precipitate which it 
occasions ; its action is aided by previously adding two or three 
drops of nitric acid to the water; but it is an equivocal test com- 
pared with galls. * _ofcbi#* 

g. The presence of muriatic salts and of chlorides, is indi- ride., c 
cated by a white cloud on adding sulphate of silver. 

h . The sulphates, when present in water, afford a white pre- — 
cipitate on the addition of nitrate of baryta, which is insoluble 
in nitric acid. 

i. Lime is recognised by a white cloud on dropping oxalate — 
of ammonia into the water. A portion of the precipitate col- 
lected upon leaf platinum, and heated before the blow-pipe, may 
be burned into quick-lime. 

k. Magnesia is rendered evident by adding carbonate of am- 
monia which throws down the lime, and subsequently pouring 
in phosphate of soda, which, when magnesia is present, carries 
a portion of it down in the form of a granular precipitate of 
ammoniaco-magnesian phosphate. 

Such are the readiest means of recognising the presence of 
the various substances that commonly occur, by the action of 
re-agents or tests; and, having gained such general information, 
we next proceed to the analysis of the water, in order to ascer- 
tain the relative proportions of the gaseous and saline ingredi- 
ents which it holds dissolved. 


Section III. Analysis of Mineral Waters . 

1769. v. To ascertain the relative proportions of the gaseous To ,. ccrl(liB 
contents of water with perfect accuracy, is a very difficult ^* le ^ uua 
undertaking, and rarely necessary ; the following method is suf- cono,, 
ficiently precise in all ordinary cases of analysis. Provide a 
Florence flask capable of holding rather more than a measured 
wine-pint, which quantity of the water under examination is to 
be introduced into it, and a cork carefully fitted to its neck, 
through a perforation in which is inserted a glass tube one- 
eighth inch in diameter, rising perpendicularly about 16 inches, 
and then bent so as to pass conveniently under the shelf of the 
mercurio-pneumatic apparatus. (Where a sufficiency of mer- 
cury cannot be procured, warm water may be substituted, if 
only carbonic acid be present, and it may be absorbed by trans- 
ferring the jar containing it to a solution of potassa.) The flask 
should be placed over an argand lamp, and heat gradually appli- 
ed till the water fully boils. The gas evolved is to be collected 
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in the usual way, in a graduated jar over quicksilver, and sub* 
mitted to the following examination : — 

vi. Throw up a small quantity of solution of potassa, which, 
if carbonic acid be present, will absorb it, and the quantity will 
be shown by the diminution of bulk. 

vii. Introduce the remaining air, or a portion of it into a 
small bent tube, containing a bit of phosphorus ; heat it so as to 
kindle the phosphorus, and note the diminution of bulk when 
cold. It is proportional to the oxygen present, and if equal to 
one-fifth of the whole bulk, the gas may be regarded as atmos- 
pheric air.* 

viii. If sulphuretted hydrogen be present it may be separated 
by a strong alcoholic solution of iodine, which rapidly absorbs 
it, and scarcely takes up more than its own volume of carbonic 
acid gas. Chlorine, added to a mixture of sulphuretted hydro- 
gen and carbonic acid, will also produce the absorption of the 
former if a little water be present; but it cannot be convenient- 
ly used over mercury. 

ix. During the ebullition it not unfrequently happens that a 
precipitation ensues, indicating that the substances thrown down 
were dissolved by carbonic acid ; and in that case they should 
be separated upon a filter a, after which the remaining water 
may be evaporated to dryness in a glazed porcelain basin; the 
dry residue transferred to a silver capsule, and perfectly desic- 
cated at a temperature not exceeding 500°. b. 

The precipitate a may consist of carbonate of lime, of carbo- 
nate of magnesia, or of oxide of iron ; or it may be a mixture of 
the three; dissolve it in dilute muriatic acid, and add oxalic 
acid which throws down oxalate of lime ; separate this by fil- 
tration, and saturate the filtrated portion with carbonate of am- 
monia, which precipitates the peroxide of iron, and having 
removed this, evaporate the residuary mixture, and expose the 
dry salt to a red heat in a small platinum capsule ; the magnesia, 
if any were present, will remain ; if not there will be no residue, 
for the oxalic acid and muriate of ammonia will be destroyed 
and volatilized. 

100 parts of oxalate of lime indicate 77 of carbonate of lime. 

100 parts of red oxide of iron indicate 90 of black oxide, or 
143 of carbonate of iron. When carbonic acid holds iron in 
solution, the metal is in the state of protoxide, and if air be 
excluded, it requires long boiling to decompose it ; for the 
same reason, if the water be exposed, under the exhausted 
receiver of the air-pump, it does not readily become brown, as 
is the case when it is exposed to air ; a drop or two of nitric 
acid facilitates the deposition of the red oxide. 

100 parts of pure magnesia are equivalent to 213 of carbonate 
of magnesia. 

• In aspirating oxygen a solution of nitric oxide in protosulphata of iron may sometime* eoaren- 
iently be employed, but it doe* not give so accurate a result a* the action of phosphorus. 
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z. The dry residue b, is to be digested in six or eight parts 
of boiling alcohol, specific gravity 0,817, which will take up 
muriate of magnesia, and in some rare cases (where no sulphates 
are present) muriate of lime. Filter off the alcoholic solution, 
and wash the residue c with a little fresh alcohol, which add to 
the former, and evaporate to dryness n. The dry mass n, 
exposed for some time to a heat of 500°, is generally pure muri- 
ate of magnesia, if it contain muriate of lime, the latter earth may 
be separated by solution of oxalic acid, in the state of oxalate of 
lime. 

It is convenient in some cases, to convert the muriates Conversion of 

_ , . .. li t . i the muriates 

of lime and magnesia into sulphates, by pouring upon them into sulphates, 
excess of sulphuric acid, evaporating to dryness, and heating 
the dry mass red hot. The sulphate of magnesia may then 
be almost completely separated from the sulphate of lime, by a 
small quantity of cold water; or a saturated solution of sulphate 
of lime may be used, which takes up the sulphate of magnesia, 
and, of course, leaves the sulphate of lime. 

The alcohol will also take up a very minute portion of sea- 
salt, which, however, is too small to require estimation. 

xi. The residue c, insoluble in alcohol, may contain sea-salt, 
sulphate of soda, sulphate of magnesia, and sulphate of lime ; 
digest it in ten parts of boiling distilled water, which, when cold, 
will have taken up every thing but sulphate of lime, of which 
an inappreciable portion only will have been dissolved ; separate 
the solution into two equal portions, a and b . 

To a add nitrate of silver, and wash and dry the precipitate, se*-«ah. 
which is chloride of silver, and of which 100 parts indicate 41 
of sea-salt. 

To b add acetate of baryta as long as it occasions a precipi- 
tate, which is sulphate of baryta, and which is to be separated, 
dried and weighed. 100 grains are equivalent to 60,5 of sul- 
phate of soda, and to 51 of sulphate of magnesia. 

In order to ascertain the quantity of magnesia present, and 
consequently the quantity of sulphuric acid belonging to it, 
evaporate the liquid filtered off the barytic precipitate s to dry- 
ness ; it will contain sea-salt, acetate of soda, acetate of mag- 
nesia, and, probably, a portion of the added acetate of baryta; 
ignite the dry mass, and wash it to separate the sea-salt and 
soda; magnesia, and carbonate of baryta will remain insoluble, 
upon which pour dilute sulphuric acid ; digest, filter, and evapo- Sul 
rate the clear liquor to dryness; it is sulphate of magnesia, 
equivalent of course to the original portion of the salt ; deduct 
the sulphuric acid contained in it from the whole in the pre- 
cipitate e, and the remainder will give the quantity united to 
the soda. 

xii. To estimate the quantity of sulphate of lime in the water, — ofiw»*. 
the residue of the evaporation of one pint may be washed with 

cold saturated solution of sulphate of lime, which will dissolve 
every thing but that sulphate, and which may thus be obtained 
57 
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atid weighed ; or, add oxalate of ammonia to a given quantity 
of the boiled and filtered water, collect the precipitate, and dry 
it at a heat of 500°. 100 grains of this oxalate indicate 104 of 

dry sulphate of lime. 

xiii. Such are the general components of mineral waters, and 
Mode of the means of ascertaining their relative quantities. Let us sup- 

pose the following results have been obtained, with a view to 
illustrate the mode of drawing up the analysis. By the process 
v, twelve cubical inches of gas have been expelled during the 
ebullition of a pint of water. The exposure to solution of 
potassa has occasioned a diminution of eleven cubical inches, 
which, it having been previously ascertained that no sulphuret- 
ted hydrogen was present, may be considered as carbonic aeid. 
The remaining gas thrown up into a tube containing a portion 
of phosphorus, and heated, suffers scarcely any diminution, and 
the phosphorus does not burn : hence it may be regarded as 
nitrogen. The gaseous contents, therefore, of the water under 
examination are in the wine-pint — 

Carbonic acid 11 cubic inches. 

Nitrogen 1 ditto.* 

If sulphuretted hydrogen be present, it is best to have recourse 
to a separate operation to estimate its quantity : for this purpose 
collect the gas as before, and throw up into it a small quantity 
of alcoholic solution of iodine. The absorption denotes the 
quantity of the gas. (viii.) 

xiv. The next step of the operation relates to the examina- 
tion of the precipitate deposited during ebullition, (ix. a.) Let 
us suppose the weight of oxalate of lime to be 3 grains, of oxide 
of iron 1,5 grain, and of magnesia 1 grain ; then the above data 


give 

Grata*. 

Carbonate of lime 2,2 

Carbonate of iron 2,4 

Carbonate of magnesia . 2,1 


xv. The alcoholic solution (x.) may be diluted with water 
and tested by oxalic acid for lime; if absent, evaporate to dry- 
ness as directed. Let us suppose the residue to be 

Muriate of magnesia 5 grains. 

If the quantity of muriate of magnesia be considerable, greater 
accuracy is ensured by converting it into sulphate, which is 
done by placing it in a capsule of platinum, pouring upon it sul- 
phuric acid, evaporating to dryness, and heating the dry mass 
to dull redness. 100 grains of this dry sulphate of magnesia 
indicate 94 of muriate of magnesia ; hence the water under 
examination would have given 5,35 grains = 5 grains of muriate. 

* Of this nitrogen, a snail portion will probably have been derived from the air in Iks taba connect- 
ing the flask with the pneumatic apparatus ; a little practice s*o enable* the ope r ator to anceotaia 
when it has been expelled’: or it may be received entire, and afterwords deducted from thn whole 
product. 
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If the alcoholic solution contain muriate of lime, that earth 
must be previously separated by oxalic acid ; and 100 parts of 
oxalate of lime are equivalent to 65 of dry muriate of lime. 

xvi. The aqueous solution of the residue (c. xi.) being 
divided into two portions, let us suppose the portion a xi. to 
afford 8,5 of chloride of silver, which indicates of sea-salt 3,5 
grains = 7 grains in the pint. 

xvii. Let us assume, that the precipitate of sulphate of baryta 
b xi. weighs 15 grains, indicating of 

Sulphuric acid 5,1 grains. 

The process directed in xi. furnishes of 

Sulphate of magnesia 3,75 grains, 

which contain 2,5 grains of sulphuric acid, and whieh deducted 
from 5,1 grains leave 2,6 grains, which are adequate to the 
formation of 

Sulphate of soda 4,65 grains. 

So that the pint (the water having been divided into two equal 
portions) would contaio of 

Sulphate of magnesia 3,75 X 2 as 7,5 grains. 

Sulphate of soda • . 4,65 x 2 = 9,3 grains. 

xviii. The addition of oxalate of ammonia, or oxalic acid, to 
a pint of the boiled water (xii.) furnishes a precipitate of 4,7 
grains of oxalate of lime, indicating of 

Sulphate of lime 5 grains. 

xix. To give a general view, therefore, of the components of 
the mineral water which has thus been examined, we should 
place them as follows : — _ . . 

One wine pint contains of Ihe coH- 

Cubic inches. tent*. 

Carbonic acid II 

Nitrogen 1 

Gaseous contents 12 


Grains. 

Carbonate of lime 2,20 

Carbonate of iron ...... 2,40 

Carbonate of magnesia 2,10 

Muriate of magnesia 5,00 

Sea salt . . 7,00 

Sulphate of magnesia 7,50 

Sulphate of soda 9,30 

Sulphate of lime 5, 


Aggregate weight of solid contents 40,50 

xx. Besides the substances now enumerated, and which may 
be considered as the most frequently occurring ingredients itl present, 
mineral waters, there are others occasionally present of which 
the following is an enumeration, with the best methods of de- 
tecting them : 

o. Carbonate of soda is known to exist in water, when, after Cnrbonnte of 
having been boiled down to half ( its bulk, and, if necessary, *° <u ' 
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filtered, it reddens turmeric paper, and restores the blue of lit- 
mus reddened by vinegar ; it also affords an effervescent pre- 
cipitate with nitrate of baryta, soluble in dilute nitnc acid. 
This Carbonate is incompatible with the soluble salts of lime. 

* Muriate of lime may also be used to detect the alkaline car- 
bonates, with which it affords a precipitate of carbonate of lime. 
Carbonate of soda is distinguished from that of potassa, by the 
latter affording a precipitate in neutral muriate of platinum, 
which the former does not. Carbonate of ammonia is obviously 
discoverable by its smell, when acted on by caustic fixed alkali 
or lime. 

b . Silica is detected by evaporating the water to dryness, and 
boiling the residue in dilute muriatic acid. The silica, if pre- 
sent, remains as a white powder not altered by a red heat, but 
instantly fusing with a particle of carbonate of soda. 

c. Boracic acid and borax have been found in certain lakes 
in India, and in some parts of Italy. To detect boracic acid, 
evaporate to one-eighth the original weight of water, and add 
carbonate of soda as long as it occasions any precipitate ; boil 
and filter. The filtered liquor will contain borate of soda, with 
some other salts of the same basis ; evaporate to dryness in a 
platinum crucible, and digest the residue in three or four parts 
of sulphuric acid, diluted with its bulk of water. If boracic 
acid be present, it will separate in micaceous crystals. 

d. Alumina has been found in a few mineral waters in the 
state of a sulphate. It may be separated by the following pro- 
cess : Evaporate to dryness, digest in alcohol, and re-dissolve 
the residue in eight parts of water; filter and add oxalic acid, 
which throws down lime, and which, being separated, leaves 
magnesia and alumina in solution. Carbonate of ammonia 
throws down the alumina and leaves the magnesia. 

Pure ammonia throws down both alumina and magnesia. 
These earths may be separated by solution of potassa, which dis- 
solves the former but not the latter. 

e. Manganese is sometimes found in water, but only in very 
small proportion, so as not to amount to .more than a trace. 
Dr Scudamore found a trace of manganese in the waters of Tun- 
bridge Wells, and it has never been discovered in larger pro- 
portion. 

/. It has been said that certain nitrates are occasionally pre- 
sent in water, but such solutions can scarcely be called mineral 
waters . If nitrate of lime be present, it will be taken up from 
the residue of evaporation by alcohol, and may be decomposed 
by carbonate of potassa, so as to afford carbonate of lime and 
crystals of nitre. 

g. It sometimes happens that water contains lead, which may 
be detected by evaporation to one-eighth its bulk, adding a few 
drops of nitric acid, and then hydriodate of potassa, which gives 
a yellow insoluble precipitate; and hydrosulphuret of ammonia, 
which forms a deep brown or black cloud. These precipitates 
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may be reduced by heating them before the blow-pipe upon 
charcoal, mixed with a little black flux. 

h. If vegetable or animal matter be contained in water, it 
gives it a brown colour, especially when evaporated. It may be 
destroyed in the dry residue by igniting it with a small addition 
of nitrate of ammonia. 

The following analyses of mineral waters may be advan- 
tageously consulted by the student, as containing a variety of 
useful details which are necessarily omitted in the above obser- 
vations: — Analysis of the Hot Springs at Bath by Richard 
Phillips, Esq. Analysis of the Brighton Chalybeate , by 
Dr Marcet. Analysis of the Tunbridge Wells Waters by 
Dr Scudamore. Mr Children’s Translation ^Thenard’s 
Essay on Chemical Analysis , chap, vi.* 

* Dr Murray, of Edinburgh, rcmurki that all mineral water* are either saline, or may be reduced 
under that division, by expelling any excess of carbonic acid by heat, expelling or decomposing sul- 
phuretted hydrogen in like manner, or removing iron by appropriate methods. He then gives a gen- 
eral formula lor the analysis of mineral waters, as follows : 

1. Reduce the water by evaporation, as far as can be done without occasioning any sensible 
precipitation or crystallisation. 

2. Add to the water, thus concentrated, a saturated solution of muriate of baryta as loDg as any 
precipitation is produced, taking care to avoid adding an excess. By a previous experiment, let it be 
ascertained whether this precipitate effervesces or not with dilated muriatic acid, and whether it is 
entirely dissolved : if it is, the precipitate is of coarse carbonate of baryta, the weight of which, when 
it is dried, gives the quantity of carbonic acid; 100 grains containing 22 of acid. If it do not effer- 
vesce, it is sulphate of baryta, the weight of which, in like manner, gives the quantity of sulphuric 
acid ; 100 grains, dried at a low red heat, containing 34 of acid. If it effervesce, and is partially dis- 
solved, H consists of both carbonate and sulphate. To ascertain the proportion of these, let the pre- 
cipitate ha dried at a beat a little inferior to redness, and weighed ; then submit it to the action of 
dilute muriatic acid ; after this, wash it with water, and dry it by a similar heat, its weight will give 
the qoantity of sulphate, and the loss of weight that of the carbonate of baryta. — By this operation 
the carbonic and sulphuric acids are entirely removed, and the whole salts in the water are converted 
into muriates; it remains, therefore, first to discover and estimate the quantities of the bases present 
and then, to oompleta tbl analysis, to find the qoantity of muriatic acid originally contained. 

3. Add to the clear liquid a saturated solution of oxalate of ammonia as long as any turbid appear- 
ance is produced. The lime will be thrown down in the state of oxalate. The precipitate being 
washed, may he dried ; hut as it ca: not he exposed to a red heat without decomposition, it ean 
scarcely he brought to any uniform state of dryness with sufficient accuracy to admit of the quantity 
of lime being estimated from its weight ; it is, therefore, to be calcined with a low red beat, by which 
it is to be converted into carbonate of lime, 100 grains of which are eqniralent to 66 of lime. But as a 
portion of carbonic acid may be expelled if the heat is raised too high, or a little water retained if h 
b oot high enough, it is proper to convert it into sulphate, by adding sulphuric acid to a slight excess, 
and then expose it to a full red heat. The dry sulphate of lime will remain, 100 grains of which con- 
tain 41,6 of line. 

4. To the dear liquid poured off after the precipitation of the oxalate of lime, heated to 100° , and, 
if necessary, reduced by evaporation, add a solution of carbonate of ammonia ; and immediately drop 
in a strung solution of phosphoric acid or phosphate of ammonia, entirely free from any impregnation 
of lime,' continuing this addition with fresh portions, if necessary, of carbonate of ammonia, so as to 
preserve an excess of ammonia in the liquid as long as any precipitation is produced. Let the precip- 
tate be washed : when dried by a heat not exceeding 100°, it is the phosphate of ammonia and mag- 
nesia, containing 0,019 of this earth ; but it is better to convert it into phosphate of magnesia by calci- 
nation for an hour at a red beat *. 100 grains, then, contain 40 of magnesia. 

A Evaporate the liquid remaining after the preceding operations to dryness, and expose the dry 
mass to heat as long as any vapours exhale, raising it towards the end to redness. The residual matter 
is muriate of soda, 100 grains of which are equivalent to 63,3 of soda and 46,1 of muriatic acid. 

6. Combine the elements ebtained by the analysis (taking the quantity of muriatic acid existing in 
the muriate of soda), iq binary combinations, according to the known proportions io which they unite ; 
the excess or deficiency of muriatic acid will then appear; and the amount of the excess being sub- 
tracted from the quantity of muriatic acid contend in the muriate of sodaobteined,— or the eraooetof 
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CHAPTER VI. 

f VEGETABLE SUBSTANCES . 41 

1770. Vegetable substances, though distinguished from 
each other by peculiar characters, present several circumstances 
of agreement as to chemical properties. Oxygen, hydrogen, 
and carbon are their principal ingredients, to which a certain 
proportion of nitrogen is sometimes added ; and variations in 
the proportions, and mode of combination, of these elements, 
occasion the great diversity, which subsists among the pro- 
ducts of the vegetable kingdom. They are all susceptible of 
decomposition by heat alone; but we cannot always as in bodies 
of the mineral kingdom, proceed from a knowledge of their 
components to the actual formation of the substances themselves. 
It is not probable, indeed, that we shall ever attain the power 
of imitating nature in these operations. For in the functions of 
a living plant, a directing principle appears to be concerned, 
peculiar to animated bodies, and superior to, and differing from, 
the cause which has been termed chemical affinity. 

1771. The distinction (as has been well observed by Berseliust) 
between inorganic and organic compounds appears to be this. 
The inorganic are composed either of combustible bodies only, 
or of one or more of those bodies in the state of oxides. When 
constituted of the latter, each combustible base is united with 
a portion of oxygen, which belongs exclusively to it, and 
which accompanies it, when it is detached from combination. 
If, for example, we resolve sulphate of potassa into its imme- 
diate principles, the oxygen, which, with the sulphur consti- 
tutes sulphuric acid, and that, which exists in potassa, remain 
attached to the combustible bases, sulphur and potassium* 
But in organic compounds containing oxygen as an element, 
we have two or more combustible bases, united to one portion 
of oxygen, which cannot be said to belong more to the one base, 
than to the other; and which would not suffice to bring any 
one of those bases to its maximum of oxidation. 

1772. The productions, of which the chemical history is about 
to be offered, may be regarded as the immediate or proximate 

the deficit being added to that quantity, the real quantity of muriatie acid will be obtained T« 
ensure perfect accuracy, it may be proper to estimate directly the quantity of muriatic acid in a given 
portion of water, by abstracting any su’pburic or carbonic acid by nitrate of baryta, and than precipi- 
tating the muriatic acid by nitrate of silver or nitrate of lead. When the quantity is tbps found, the 
quantities of the other ingredients must bear that proportion to it which will correspond with the state 
of neutralisation. 

The results of the analysis may always be stated in these three modes I. The quantities of the 
acids and bases. I The quantities of the binary compounds, as inferred from the priocipto that the 
most soluble compounds are the ingredients. 3. The quantities of the binary compounds, each as 
ther are obtaioed by evaporation or any other direct analytic operation.-— See 7Y«tt*. Any. Society 
of Edinburgh, viii. 250 ; and Thornton* i Annalt, x. 93, 139. vti. 43. vi. S66, 347. 

* From Henry's Chemistry ii. 161, Ac. f Aha. de Chios. 80. 37. 
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principles of vegetables ; for we may presume, generally speak- 
ing, that they exist in the living plant in a state indentical with 
that, under which chemical processes exhibit them. It is not 
so when we proceed to the ultimate analysis of vegetables ; un\m*x* 
for, in that case, we obtain compounds, which formed no part of 
the vegetable structure, and which result from an entirely new 
arrangement of the elements composing it. Acetic and carbonic 
acids, for example, are obtained by the destructive distillation 
of several vegetable substances, in which neither of those acids 
existed ready formed, but only their elements. 

1773. The destructive distillation of vegetables, or the sub- 
jecting them to the action of heat in close vessels, with a view to 
collect both the condensible and aeriform products, was, until 
within a few years past, the only method employed to determine 
the proportion of their ultimate elements ; but more refined and 
perfect modes of analysis were introduced by Gay-Lussac and 
Thenard, which have afforded results much more deserving of 
confidence.* The object of these improved processes, which are 
equally applicable to vegetable and animal substances, is to con- 
vert the whole of the carbon into carbonic acid, and the whole 
of the hydrogen into water, by means of some compound con- 
taining oxygen in so loose a state of union, as to give it up to 
those bases at the temperature of ignition. The following illus- 
trations are intended to explain the rationale of the process. 


Section I. Of the Analysis of Organic Substances .. 

1774. i. If we have charcoal only, mixed with incombustible 
matter, and wish to determine its quantity, all that is necessary cwo»i 
is to expose a known weight of the substance under examina- 
lion, in a state of perfect mixture with ( a fit oxide, to a red heat, ter. 
and to collect the carbonic acid. From the volume of this gas, 
its weight may be easily calculated (82); and of this weight six 
parts in 22 are pure carbon. 

ii. Let us next suppose that we are operating on a com- 
pound of charcoal with hydrogen. This, if solid, must be cb*roo»i »»4 
mixed with an excess of the oxidated substance which is em- h r dro « en * 
ployed, and the carbonic acid collected as before. Calculating, 
by the same method, the quantity of charcoal which it con- 
tains, we obtain the weight of one element of our unknown com- 
pound ; and this, deducted from the weight which was submit- 
ted to experiment, gives the weight of the remaining element, 
hydrogen. To attain greater certainty, the water, which is 
formed, may be actually collected by a proper addition to the 
apparatus, either at the same operation with the carbonic acid, 
or at another, performed expressly for the purpose. Of this 
water, one part in nine is hydrogen. The carbon, calculated 
from the carbonic acid, and the hydrogen from the water, should 

* Rrch«rcht« Phjri. Chim. ii. 
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together make up precisely the weight of the compound on 
which we have operated. 

iii. A third case may be supposed, in which carbon and hydro- 
gen are united with oxygen, but yet not with enough to con- 
vert them entirely, at a high temperature, into carbonic acid 
and water. In this case the first steps of the operation are the 
same as before. But on summing up the results, the weight of 
the carbon and hydrogen, discovered in the products, will be 
found to fall short of the weight of the substance submitted to 
experiment. If no other product has been formed besides 
water and carbonic acid, the deficiency may safely be placed to 
the account of oxygen. For example, if from 10 grains of a 
supposed compound of hydrogen and carbon, we obtain by 
ignition with an oxide, 22 grains of carbonic acid and 9 grains 
of water, these are equivalent to 6 grains of carbon and 1 of 
hydrogen : but 6+1 = 7 leave a deficiency of 3 grains, which 
may be inferred to be oxygen. To verify this conclusion, if at 
all doubtful, it may be proper to examine what quantity of oxy- 
gen has been lost by the oxide employed to effect decomposi- 
tion ; and if this fall short of the oxygen contained in the car- 
bonic acid, and in the water, then the quantity required to make 
up the sum, must have previously existed in the subject of 
analysis. For instance, in the supposed case, we find 16 grains 
of oxygen in the carbonic acid and 8 in the water obtained, 
together 24 ; but if the oxide can be shown by experiment, to 
have lost only 21 grains, we may safely conclude that 3 grains 
pre-existed in the compound. 

iv. In a few vegetable substances, and in almost all animal 
ones, besides carbon, hydrogen, and oxygen, azote or nitrogen 
exists as a component, and its quantity requires to be deter- 
mined. With a proper attention to the details of the process, 
this fourth element may be obtained in the state of a gas, 
which remains after absorbing the carbonic acid by solution 
of potassa, and the oxygen (if any) by a fit agent. From the 
volume of the gas, its absolute weight may easily be calculated. 
(82). 

1775. Such is an outline of the process employed for the de- 
composition of vegetable and animal substances, divested of all 
details for the purpose of rendering its objects and results more 
intelligible. These details, however, are of considerable im- 
portance in practice, and will, therefore be presently stated at 
length. It may be proper, however, first to remark, that all the 
analyses which have been thus performed, and which are worthy 
of confidence, conspire to prove that the elements of organized, 
like those of inorganic matter, are united in definite propor- 
tions ; and farther, that the law of simple multiples holds strictly 
with respect to the elements of organic bodies. We may 
derive, therefore, as has been well observed by Dr Prout, the 
most valuable assistance in our researches into organic com- 
pounds, from the use of Dr Wollaston’s scale of chemical 
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equivalents.* To fit it for this purpose he recommends that it Dr Woiiw- 
be extended a little, by pasting two slips of drawing paper on its 
edges, of such a breadth as just to lap over and cover the mar- 
gins containing the names of the chemical substances generally 
marked upon it, and to coincide with the graduated edges of the 
slide. On these slips of paper are to be marked the multiples 
of an atom of oxygen, hydrogen, and carbon, from one to ten ; 
and of azote from one to four or five or more. Thus prepared, 
it will be easily applied, by ail who are acquainted with the 
principle of the instrument, to the purposes of facilitating and 
verifying analyses, the results of which can only be correct 
when they agree with some of the proportional numbers, 
marked upon the scale. For example, an analysis showing 48 
parts of oxygen, 6 of hydrogen, and 36 of carbon, in a vege- 
table compound, or quantities proportional to these, agrees 
with six atoms of each of those elements. But such an alter- 
ation of any of those numbers as would indicate the fraction 
of an atom (the reduction of the carbon, for instance, to 34) 
would be inconsistent with the law of simple multiples, and 
would suggest the necessity of a fresh appeal to experiment. 

1776. The agent, first employed by Gay Lussac and The- G L umw 
nard in the combustion of organic substances, was the chlo - 

rate of potassa (827), applied by means of an ingenious appa- od' 
ratus, which is described in the second volume of their Re- 
cherches PhysicochimiqueSi and also in Mr Children's trans- 
lation of Thenard on Chemical Analysis. For chlorate of 
potassa, Gay-Lussac afterwards substituted the peroxide of cop - 
per , which, being found to afford more accurate results, with a 
less complicated apparatus, and fewer difficulties of manipula- 
tion, is now generally preferred, especially in the analysis of 
animal compounds. Peroxide of copper may be prepared for 
this purpose by calcining on a muffle the scales or filings of 
that metal, pulverizing them repeatedly, and again spreading 
them on the muffle ; or by calcining the nitrate of copper at 
a low red heat. Several variations in the method of proceed- 
ing have been recommended by different experimenters. Tlie 
tube, for containing the mixture of the oxide and body to be 
analysed, is by some preferred of copper, by others of glass ; 
and the heat has been applied, either by encompassing the 
tube with burning charcoal, or with the flame of a spirit lamp. 

Glass tubes of about l-3d of an inch bore, or of a diameter 
adapted to the quantity operated upon, seem, on the whole, to 
be preferable to metallic ones ; and the heat of a spirit lamp, 
used inrthe most improved manner, appears to be adequate to 
effect 4 complete decomposition of most vegetable and animal 
compounds. 

1777. If the substance be a solid, from 3 to 5 grains carefully 
dried, (which is best done by placing it in fine powder under 

* Ann. gf Philos, ir. S10. 
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an exhausted receiver along with sulphuric acid,)* are to be 
triturated in a glass or porphyry mortar, first by themselves, 
and then with 120 to 200 grains of the peroxide of copper, 
added by degrees, so that the substance and the oxide may be 
thoroughly incorporated. This mixture must be transferred, 
with the most scrupulous care to avoid loss, into the glass 
tube, and a little more of the protoxide must be triturated. in 
the mortar, to collect any remains of the substanee under 
analysis, and then added to the contents of the tube. Over 
these, 20 or 30 grains of the peroxide may be placed ; and 
the remainder of the tube may be filled with perfectly dry 
amianthus. The peroxide should either have been recently 
cooled from a state of ignition, or, as advised by Dr Ure, 
have been suffered to imbibe all the moisture it is capable of 
absorbing from the air, and assayed for the quantity, which, 
in that case, must be deducted from the loss of weight, sus- 
tained by the peroxide in the experiment. To operate on a 
fluid, Dr Ure incloses it in a small glass bulb capable of holding 
three grains of water, and having a small pointed orifice. It is 
easy to fill such a bulb by first expelling the air from it by heat, 
and then immersing its orifice in the liquid. The bulb thus 
filled, and carefully weighed, is to be placed at the bottom of 
the tube, and covered with the requisite quantity of the perox- - 
ide of copper. In all cases, the tube, with its contents, should 
be accurately weighed, and its weight registered. 

For the purpose of applying heat to the tube, and obtaining 
the gaseous products with only a small quantity of mercury, an 
useful apparatus has been contrived by Dr Prout. fig. 124.t 

♦ An apparatus for drying substance* in vacuo, at a temperature of 2 12° Fahrenheit, is deecribed by 
Dr Prout in Ann. of Phil. vi. 272. 

f Two square upright pillar* are morticed into a square tray (« a at the bottom of the figurr) about 
3-4lhs of an inch deep, and am fixed at the top by brass screw* into a flat shelf of wood, 3 in. broad at 
each end, and 6 in tbo middle, in which is an oval slit or hole 4 1-2 inches long and 1 1-4 wide, dis ant 
1 3-4 inches from the right hand extremity of tbo shelf. Below this is another shelf, b 6, which « 
moveable by a rack and pinion worked by a small handle, as shown at f. Into a shallow cavity ia 
this shelf is fixed a cistern of copper covered with hard varnish (cast iron would be better) and haviag 
a deep cylindrical cavity or well at d. This, to economise mercury, may occasionally be filled with 
a plug of wood or cast iron. The cistern may be of any convenient dimensions, as 6 1-2 long by 1 1-2 
wide, and in its bottom, an opening is required about S-8lhs of an inch diameter for admitting the glass 
tube g g, which is secured in its place by a perforated cork, and is passed also through the axb of a 
brass spirit lamp, which, as well as the wick, has a circular hole for the purpose. The lamp is placed 
on a small shelf, perforated also, and moveable by the rack and pinion. A small mirror of tin. with 
the concave side downwards, is screwed to the bottom of the cistern, to guard the cork from being 
burned by the heet of the lamp. At k is a turning button with a semicircular notch for securing insa 
upright position the jar k, which should be capable of containing 7 or 8 cubical inches. 

The tube gg being fixed in its place, and the jar h filled with and inverted in mercury, the spirit 
lamp is set as high as its carriage will permit, and lighted. The pert of the tube, which is sarrceaflrl 
by the burning wick soon becomes red hot, sod gas is evolved. Whea it teases to issue, tbo lamp 
may be gradually lowered, so as to heat successively the whole of the tube, and then moved upwards 
to the top. When this has been skilfully performed, the whole of the substance under analysis will 
he found to have been decomposed ; but to Insure accuracy, its ceatoots may be takoo out, triturated 
2a a mortar, apd subjected to a repetition of the same operatic* The gases obtained meet be exposed 
to the aetioo of liquid potassa, which will absorb the carbonic acid. In measuring the residue, it will 
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By the apparatus of Dr Prout, a part only of * the tube 
«nd its contents can be heated at once. This is of little con- 
sequence when solid bodies are acted upon; but in the de- 
composition of liquids, or of solids yielding liquid products, 
it is desirable to ignite a greater length of the tube at a time. 
To effect this, Mr Cooper, of Lambeth, employs a lamp, which 
appears to be very well adapted to the purpose. It is of tin, in 
the shape of a parallelopiped, 8 inches long and 1} square, with 
5 flat wick-holders fixed at equal distances and at a small angle 
with its upper surface, each wick-holder being half an inch broad 
and 3-8ths of an inch high. Of these lamps two are necessary, 
and they are placed in a small tin tray which is raised on four 
feet, and has a longitudinal slit in the middle 7| inches long 
and 3-8ths of an inch wide. On this tray the lamps are placed 
with their wicks opposite to each other ; and the tube, con- 
taining the mixture to be decomposed, which is of green glass, 
aealed hermetically at one end, from 10 to 14 inches long, and 
about the diameter of a small quill, is placed horizontally over 
the wicks at a suitable distance, one end of the tube having 
been first bent by a lamp into such a form, that its open extrem- 
ity can be placed under a jar inverted in mercury. It is easy, 
by lighting one or more wicks, and altering the distance of the 
flames from the tube, and of the lamps from each other, to 
modify the application of the heat as the circumstances of the 
experiment may require. The alcohol, to prevent its too rapid 
combustion, Mr Cooper dilutes with water to the sp. gr. of 
about ,860. 

It would not be difficult to combine in one apparatus, the 
advantages of Dr Prout’s method of operating with those of 
Mr Cooper's mode. To effect this the open extremity of the 
tube, placed horizontally over the wicks of the spirit lamps, 
might be admitted into the bole at the bottom of the mercurial 
cistern. The only disadvantage of this method of proceeding 
would be that the open extremity of the distilling tube being 
bent, the contents of the tube could not be got out, for a second 
trituration and ignition, without breaking it, an inconvenience 
which does not exist when a straight tube is employed as in 
Dr Prout’s apparatus. 

1778. Those, who prefer employing the heart of charcoal, will 
find the description of an apparatus, contrived by Dr Ure for that 
purpose, in the Phil. Trans, for 1832, p. 460. From observa- 
tion, however, of the effects of the heat obtained by the combus- 


Im 0 MMM 7 to eqotlin the k»el at tbo nerearj witfcia and w ilhoot tin receiver, by innontof it ia 
Ilia wtH d. The residuary fa* will probably ba nitrogen only, bat it may be assayed for oaygcn by 
nitrons gat as described (414.) The gases must of coarse be either measured at a mean of the barom- 
eter or thermometer, or the proper corrections made for deviations from those standards, as well as 
from aqueous vapour, by the rales already given page 84. 

To collect the voter, a separate operation on another portion of the substance is necessary. When 
this ia done, the mercurial cistern may be removed; and such a coadensiag apparatus substituted, a| 
vill be obvious to persons conversant with chemical processes. 
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tion ’of alcohol; it appears to be fully sufficient with the advan- 
tage of being inuch more manageable than that of a charcoal fur- 
nace. 

1779. The whole of the operations, connected with the ultimate 
analysis of vegetable and animal substances, require considera- 
ble skill ; and some practice in them is necessary to enable a 
person, who is even conversant in the general processes of 
chemistry, to obtain accurate results. A single experiment 
should never be depended upon ; but the analysis of each sub- 
stance should be several times repeated, and a mean taken, of 
those which do not present any very striking disagreement, 
excluding those results which vary so much from the average, 
as to lead to a suspicion of some failure in the manipulations. 

1780. It may sometimes perhaps, on a first view, excite suspi- 
cion of the competency of these methods of ultimate analysis to 
afford accurate results, when we remark the very near coin- 
cidence not only with respect to the kind y but even to the pro- 
portions which have been thus deduced, of the elements ol sub- 
stances, differing essentially as to their chemical and sensible 
properties. In the instances of gum, sugar, and starch, the dif- 
ferences of composition, discovered by the experiments of Gay- 
Lussac and Thenard, are so extremely small, as not to indicate 
any difference either of the kind or the number of elementary 
atoms. The results, however, are not, in this or similar cases, 
to be pronounced, for that reason only, to be inaccurate; for it 
is probable that in vegetable substances it is not only the num- 
ber and kind of the respective atoms, but the mode of their 
arrangement , which occasions their distinctive characters. 
This view of the subject is confirmed, when we observe the 
important changes in the properties of vegetable substances, and 
the convertibility of those, which appear so nearly allied, into 
each other, by slight causes, such as alterations of temperature, 
or weak chemical agents. 

1781. From a review of their experiments on the analysis of 
vegetable substances, Gay-Lussac and Thenard deduced the fol- 
lowing general conclusions: 

I. A vegetable substance is always acid, when the oxygen 
which it contains, is to the hydrogen, in a proportion greater 
than is necessary to compose water. 

II. A vegetable substance is always resinous, or oily, or alco- 
holic, &c. when the oxygen, contained in it, is to the hydrogen, 
in a less proportion than in water. 

III. A vegetable substance is neither acid nor resinous, but 
in a state analogous to sugar, gum, starch, lignin, &c. whenever 
oxygen and hydrogen enter into its composition in the same 
proportions as in water. 

Without supposing then, that oxygen and hydrogen exist, 
as water, in vegetables, we may, for the sake of illustration, 
consider vegetable acids, as constituted of carbon, water, and 
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oxygen ; — the resins, alcohol, ether, &c. as composed of car- 
bon, water, and hydrogen ; — and bodies of the third class, as 
composed of carbon and water only. It should not, however, 
be omitted that some exceptions to the generality of these 
principles have been pointed out by Saussure,* and by Mr 
Daniell. t 

1782. The products of the vegetable economy are either situ- 
ated in particular organs or vessels, or are distributed throughout 
the whole plant. Sometimes they reside in the root or stalk; 
at others in the bark or leaves ; at others they are peculiar to 
the fruit, the flowers, the seeds, or even to peculiar parts of 
these organs. When thus insulated they may readily be pro- 
cured in a separate state; and, in several instances, nothing 
more is required than the labour of collecting them. Thus gum 
exudes from some trees, and manna issues from the branches of 
others. Sometimes, however, we are presented with a variety 
of substances mingled together, and requiring separation by 
processes which are sufficiently simple, and which consist in 
repose, filtration, pressure, washing, distillation at a gentle 
heat, solution by water and alcohol, and similar operations, that 
do not alter the nature of the bodies submitted to them. 

1783. The number of principles which have thus been extract- 
ed from vegetables, has of late years been greatly enlarged, and 
amounts at present to upwards of forty. Of these, the greater 
part are certainly entitled, by a train of properties sufficiently 
characteristic, to rank as distinct compounds. But others seem 
to be so nearly allied to substances, with which we have long 
been acquainted, that it can serve no useful purpose to assign 
to them a different place in the system. The unnecessary mul- 
tiplication, indeed, of vegetable principles contributes rather to 
retard than to advance the progress of this difficult part of 
chemistry ; and it is only in cases of decided and unequivocal 
differences of qualities, that we should proceed to the estab- 
lishment of new species. 


Section II. Gum . 

1784. Gum is contained in considerable quantities in the sap 
of many vegetables, and frequently appears as a spontaneous 
exudation. Gum arabic may be taken as a specimen of pure 
gum. Its specific gravity is about 1,4. It has a slightly yel- 
low tint, and is translucent, inodorous, and insipid. It dissolves 
in water, forming a viscid solution, or mucilage , from which 
it may be obtained in its original state by evaporation; it, is 
insoluble in alcohol, which, therefore causes a white precipitate 
in its aqueous solutions ; it is also insoluble in ether and oils ; 

• Thomson's Annalt, vi. 431. t Quarterly Journal, vi. 326. 
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it undergoes no change by exposure to air, and its aqueous sola* 
tion does not ferment, but only becomes slightly sour when 
kept for a long time. 

1785. Gum is decomposed by sulphuric and nitric acids: the 
former produces water, acetous acid, and charcoal ; the latter, 
among other products, converts a portion of the gum into a 
white acid substance, called the mucous acid , and which is 
analogous to that obtained from sugar of milk, or saccholactic 
acid , under which head its preparation is mentioned : malic and 
oxalic acids are also formed. 

Dilute sulphuric, and muriatic acids, dissolve gum without 
change. 

1786. The alkalies, and solutions of the alkaline earths, also 
dissolve gum, and the addition of acids occasions its partial pre- 
cipitation without having Undergone much apparent alteration. 
It combines, with a few of the other metallic oxides. A strong 
solution of permuriate of iron, dropped into a concentrated 
mucilage, forms a brown jelly of difficult solubility. Silicated 
potassa also occasions a white flaky precipitate in dilute muci- 
lage, and is, according to Dr Thomson, a very delicate test of 
gum. By mixing caustic ammonia with a boiling solution of 
gum, and then adding subnitrate of lead, Berzelius obtained a 
white precipitate (gummate qf lead) composed of 


Gum 61,75 

Oxide of lead 38,25 


100 . 

If this compound be regarded as consisting of 1 proportional 
of gum, and 1 of oxide of lead, the number 181 might be assum- 
ed as the representative of gum, for 38,25 : 61,75 : : 112 : 180,8. 
But if we consider it as a compound of 2 of gum and 1 of oxide, 
then 90,5 would be the equivalent of gum, add the following 
numbers nearly agree with its composition, as deduced from 
experiment. 

6 Proportionals of oxygen 8 x 6 = 48,0 = 53,9 

6 hydrogen 1X6 = 6,0 = 6,6 

6 i carbon 6 X 6 = 36, = 40, 

90 99,9 

1787. Submitted to destructive distillation, gum affords car- 
bonic acid and carburetted hydrogen gases, empyreumatic oil, 
water, and a considerable quantity of impure acetic acid, once 
considered as a peculiar acid, and distinguished by the term 
pyromucous acid 9 but now ascertained to be merely the acetic, 
holding in solution a portion of essential oil, and some ammo- 
nia, which last is disengaged on adding lime. 

1788. There are several varieties of gum differing a little 
from each other. Cherry-tree gum , and gum tragacanth 
do not dissolve in cold water, but in other respects their pro- 
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parties resemble those of gum arabic. To these varieties the 
generic term of Cerasin has been given by some chemists. 

1789. What has been termed vegetable jelly , is obtained y*s etab,e 
from the recently expressed juice of various acid fruits, by y y ' 
gentle evaporation. It is a tremulous, soft coagulum, almost 
colourless after it has been well washed, and of an agreeable 
sub-acid taste. In cold water it is scarcely soluble, but in hot 
water it is abundantly dissolved ; and when the solution cools, 
it again assumes a gelatinous form. By long boiling, however, 
it loses this property of coagulating; hence the necessity, in 
preparing jelly from certain lruits, of not submitting the ex- 
pressed juice to protracted ebullition. Its solution in water is 
precipitated by infusion of galls. It seems probable that jelly 
is merely gum combined with some vegetable acid ; for by 
exposing it on a sieve, an acid liquor drains off, and a hard 
transparent gum-like substance remains. 


Section III. Sugar . 

1790. Sugar may be extracted from the juice of a number p^miom 
of vegetables, and is contained in all those having a sweet taste; 

that which is commonly employed is the produce of the arundo 
sacchari/era , or sugar-cane, a plant which thrives in hot cli- 
mates. Its juice is expressed and evaporated with the addition 
of a small quantity of lime, until it acquires a thick consistency; 
it is then transferred into wooden coolers, where a portion con- 
cretes into a crystalline mass, which is drained and exported 
under the name of muscovado , or raw-sugar . The remaining 
liquid portion is molasses, or treacle . A gallon of juice yields 
on an average about a pound of raw sugar. 

1791. The juice, which flows spontaneously from incisions 
made in the American maple-tree, affords a quantity of sugar 
sufficient to render it a process worth following. Ripe fruits 
contain sugar in considerable quantity, and by long keeping 
after they have been dried, it appears in a granular state, 
on their surface. The juice of the carrot, and still more 
remarkably of the beet (beta vulgaris , Linn.) yield a conside- 
rable proportion of sugar. To obtain it from the latter vegeta- 
ble, the roots, softened in water, are to be sliced; and the juice 
expressed. It is then to be boiled down, with the addition of a 
little lime, till about two-thirds remain, and afterwards strained. 

These boilings and strainings are repeated alternately, till the 
liquid attains the consistence of sirup, when it is left to cool. 

The sugar, thus extracted, retains somewhat of the taste of the 
root ; but it may be purified by the operation used for the 
refining of West-India sugar, and it then loses its peculiar fla- 
vour. The quantity obtained varies considerably ; but in gen - 
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eral it may be stated at between four and five pounds from 100 
pounds of the root, besides a proportion of uncrystallizable 
sirup. In Germany the expense has been calculated at about 
three pence per pound.* 

From the experiments of Prout,t it appears that a coarse 
sugar may be procured from grapes at a trifling expense. In 
apples and pears, in the juice of liquorice, and in some other 
vegetable juices, sugar exists, but in a state of combination, 
which prevents it from assuming a crystallized form. In dried 
grapes, figs, &c. it is often seen as a superficial incrustation. 

1792. Honey is also a variety of sugar containing a erystal- 
lizable and an uncrystallizable portion ; the predominance of one 
or other of which gives to it its peculiar character ; they may be 
partially separated by mixing the honey with alcohol, and 
pressing it in a linen bag ; the liquid sugar being the most solu- 
ble, passes through, leaving a granular mass, which forms crys- 
tals when its solution in boiling alcohol is set aside. Honey 
also frequently contains wax, and a little acid matter. 

1793. Sugar is a-white brittle- substance of a pure sweet taste, 
soluble in its own weight of water at 60°. Boiling water dis- 
solves a considerably larger quantity. This solution is called 
sirup ; it is viscid, and furnishes crystals in the form of four 
and six-sided prisma, irregularly terminated. Sugar is soluble 
in alcohol, but much more sparingly so than in water. 

1794. Nitric and sulphuric acids decompose sugar; the for- 
mer converts it into oxalic acid; the latter evolves charcoal and 
produces water and acetous acid. 

1795. The alkalies dissolve sugar, and destroy its sweet taste, 
which re-appears if an acid be added. When, however, the 
alkalies are left for a long time in the contact of sugar they 
effect a more important change, becoming carbonated and con- 
verting the sugar into gum. From a solution of sugar in lime- 
water, Mr Daniell obtained crystals of carbonate of lime and a 
portion of gum. The addition of phosphuret of lime to sirup 
produces an analogous change.} 

1796. When protoxide of lead is digested with sugar atpd 
water, a portion is dissolved and afterwards separates in the 
form of a white insipid powder ( saccharate of lead,) insoluble 
in water, and composed, according to Berzelius, of 


Sugar 41,74 

Oxide of lead 58,26 


100,00 

1797. When sugar is exposed to heat it fuses, becomes brown, 
evolves a little water, and is resolved into new arrangements of 
its component elements. If suddenly elevated to a temperature 
of about 500°, it bursts into flame. 

• See Chaptal pn the manufacture of sugar in France, Phil. Hag. xlvii. 331. 
f Nicholson's Journal, xxi. 356. { Journal of Science and the Arts, ri, S. 
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1798. According to Lavoisier, sugar is composed of 64 oxy- Composition, 
gen, 28 carbon and 8 hydrogen : Gay-Lussac, Thenard and 
Berzelius have analyzed it by combustion with chlorate of 
potassa, and Dr Prout and DrUre by distillation with oxide of 
copper. The results of the analysis by different chemists are 
given below.* 

On comparing the results of the analysis of sugar by different 
persons, the principal deviation appears to exist in those of Dr 
Prout, which indicate less charcoal and more oxygen than the 
rest. If reduced to atomic proportions, his experiments (re- 
specting which some details are given in the Annals of Philoso- 
phy, N. S. iv.) point out the following as the composition of 
sugar : 

Charcoal . • 5 atoms . . . 30 . . . 40,00 

Oxygen ... 5 ditto . . . 40 . . . 53,34 

Hydrogen • • 5 ditto ... 5 . . .. 6,66 

75 100, 

The atomic proportions, approaching most nearly to the other 
results, are 


Charcoal . 

. 6 atoms . . 

. 30 . . 

. 44,44 

Oxygen . . 

• 5 ditto • . 

. 40 . . 

. 49,38 

Hydrogen . 

• 5 ditto . . 

. 5 . . 

. 6,18 



31 

100. 


If deduced from the compound of sugar with oxide of lead, 
on the supposition that this compound consists of an atom of 
each ingredient, the constitution of sugar will agree precisely 
with the latter statement, a coincidence which strengthens the 
probability that it consists of 6 atoms of charcoal, 5 of oxygen, 
and 5 of hydrogen, and that 81 is its true representative num- 
ber. H. 2. 185. 

1799. Manna is an exudation from the Fraxinus Omus , a M 
species of ash, growing in Sicily and Calabria. It has a sweet * D °** 
and somewhat nauseous taste, and is used in medicine as a mild 
aperient. It is very soluble in water, and more soluble in alco- 
hol than cane sugar, the latter solution deposits it in the form 
of a white spongy mass. Digested in nitric acid, it yields both 
oxalic and saclatic acids. Its solution in water does not appear 
susceptible of vinous fermentation. 


Oftj'Lomo. Bene lint. Prout. Un. 

* Carbon . . . 42A1 .... 44,300 .... 30,99 . , . . 4343 

Oxygen . . . 60,63 .... 49,016 .... *3,33 .... 6043 

Hydrogen • . 6,90 ... • 6.786 .... 6,66 ... . 6,» 

100. f 190. 100. 100. 

f Or of carbon <147 

Oxygen and hydrogen in the seme proportion aa water *7,63 


100 . 

59 
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STARCH. 


Process for 

obtaining 

starch. 


Analysis. 


Properties of 
starcb. 


Insoluble in' 
alcohol, Ac. 

Precipitates 
oxide of lead. 


Section IV. Starch . 


1800. Starch, or Fecula , may be separated from a variety 
of vegetable substances ; it is contained in the esculent grains, 
and in many roots. The process for obtaining it consists in dif- 
fusing the powdered grain or the rasped root in cold water, 
which becomes white and turbid ; the grosser parts may be sep- 
arated by a strainer and the liquor which passes deposits the 
starch, which is to be washed in cold water and dried in a gentle 
heat. 

1801. The common process for obtaining the starch of wheat 
consists in steeping the grain in water till it becomes soft; it is 
then put into coarse linen bags, which are pressed in vats of 
water: a milky juice exudes, and the starch falls to the bottom 
of the vat. The supernatant liquor undergoes a slight fermen- 
tation, and a portion of alcohol and a little vinegar is formed, 
which dissolves some impurities in the deposited starch ; it is 
then collected, washed, 'and dried in a moderate heat, during 
which it splits into the columnar fragments which we meet with 
in commerce, and which are generally rendered slightly blue 
by a little smalt. 

1802. From the analysis of Dr Pearson we learn that 100 
parts of the fresh potato root, deprived of skin, afford 

Water 68 to 72 

Meal 32 „ 28 


100 100 

The meal is composed of three distinct substances 


Fecula 

. 15 to 

17 

Fibrous matter .... 

• 8 „ 

9 

Extract or mucilage • 

. 5 ,, 

6 


28 

32* 


Of rice, starch constitutes, according to Braconnot, from 63 
to 85 per cent.t 

1803. Pure starch is a white substance, insoluble in cold 
water, but readily soluble at a temperature between 160° and 
180°. Its solution is gelatinous, becomes mouldy and sour by 
exposure to air, and by careful evaporation yields a substance 
resembling gum in appearance, which is a compound of starch 
and water. Starch is insoluble in alcohol and in ether, and occa- 
sions no precipitate in the greater number of metallic solutions; 
in solution of subacetate of lead, however, it occasions a copi- 
ous precipitate. The most characteristic property of starch is 
that of forming a blue compound with iodine ; it may be obtain- 


• Repertory <\f Art» % iii. 383. See alto analysis of sereral varieties of potato in Ann. Pkilat. v. 38 
t Ann. dc Chin, et Pbys. ir. 383. 
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ed by adding an aqueous solution of iodine to a dilute solution 
of starch. 

Sulphuric and nitric acids dissolve starch, and slowly decom- 
pose it, or resolve it into new compounds. Dilute nitric acid 
dissolves it without decomposition, forming a greenish solution, 
which deposits starch upon the addition of alcohol. It is slowly" 
soluble in muriatic acid, and insoluble in acetic acid. 

Potassa, triturated with starch, forms a compound which is 
soluble in water. 

Infusion of gnlls occasions a precipitate in the solutions of 
starch, which re-dissolves by heating the liquid to 120°. This 
property Dr Thomson considers as characteristic of starch. 

1804. The change of starch into sugar is always observed 
during the germination of seeds, and in the process of malting 
a similar conversion is effected. 

Malt is barley which has been made to germinate to a certain 
extent, after which the process is stopped by heat. The barley 
is steeped in cold water, and is then made into a heap or couch , 
upon the maltfloor : here it absorbs oxygen and evolves car- 
bonic acid ; its temperature augments, and then it is occasion- 
ally turned to prevent its becoming too warm. In this process 
the radicle lengthens, and the plume, called by the maltsters the 
acrospire , elongates ; and when it has nearly reached the oppo- 
site extremity of the seed, its further growth is arrested by dry- 
ing at a temperature slowly elevated to 150° or more. The 
malt is then cleansed of the rootlets. 

1805. Proust has discovered in barley, besides the ingredi- 
ents of wheat, a peculiar substance, nearly resembling saw-dust 
in its external characters, to which he has given the name of 
hordein. This substance may be separated from starch by the 
action of hot water, in which it is quite insoluble. During 
the process of malting, its proportion is considerably diminish- 
ed, and it appears to be partly converted into sugar, or into 
starch, as will appear from the comparative analysis of malted 
and unmalted barley given below.* 

1806. It appears, then, that the formation of malt consists in 
the increase of gum, sugar, and starch, and the diminution of 
gluten and hordein. The starch, that remains after malting, 
is found changed in its properties ; for itdoesnot as before yield 
a viscid paste, capable of gelatinizing on cooling. 

The loss of weight, sustained by grain in malting, which 
Proust states at one-third, Dr Thomson asserts is greatly over- 
rated, and that it did not on an average of 50 processes, carried 
on under his inspection, exceed one-fifth. The hordein of 

lo 100 part* of barley. In 100 part* of malt. 

* Resin . . . 1 1 

Gum .. 4 ..16 

Sugar ......*...6.. **..15 

Gluten 3. ..... ) 

Starch 32 65 

Hordein . • 66 12 If. 2. 242 


Forms a blot 
with iodine. 


Soluble in 
acids. 


Unites to 
potassa. 

Precipitated 
bjr tanniu. 


Malt 


Hordein. 
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Analysis of 
•tarcli. 


Am/Kmo. 


Proust, be considers as starch under some modification, which 
is changed, by malting, partly into true starch, and partly into 
sugar. H. 2. 243. 

1807. Another mode of converting starch into sugar was dis- 
covered by M. Kirchoff; it consists in boiling it with very 
dilute sulphuric acid. A pound of starch may be digested in 
six or eight pints of distilled water, rendered slightly acid by 
two or three drachms of sulphuric acid. The mixture should 
be simmered for a few days, fresh portions of water being occa- 
sionally added to compensate for the loss by evaporation. After 
this process the acid is saturated by a proper proportion of chalk, 
and the mixture filtered and evaporated to the consistence of 
sirup; its taste is sweet, and, by purification in the usual way, 
it affords crystallized sugar. M. M. de la Rive and Saussure 
have shown that the contact of air is unnecessary in the above 
process ; that no part of the acid is decomposed, no gas evolved, 
and that the sugar obtained exceeds by about one-tenth, the 
original weight of the starch. M. de Saussure, therefore, con- 
cludes that the conversion of starch into sugar depends upon the 
solidification of water, a conclusion strengthened by the follow- 
ing comparative analysis. — Thomson’s Annals , Vol. ii. 

100 Parts of Starch 100 Parts of Starch 

C Mtua Sunr contain 

Carbon 45,39 37,29 

Oxygen 48,31 55,87 

Hydrogen. . . . 5,90 . . • 6,84 

Nitrogen .... 0,40 - 0,00 


100,00 100,00 

1808. This analysis of starch is somewhat at variance with 
that given by Gay-Lussac ; indeed the small portion of nitrogen 
cannot be considered as an essential component Berzelius has 
given the following as the component parts of starch. — ThoM- 
son’s Annals , Vol. v. 


Carbon 43,481 

Oxygen 48,455 

Hydrogen 7,064 


100,000 

1809. AmyKne (called amydine by Saussure) is intermedi- 
ate between £um and starch. It is soluble in boiling water, 
and the solution yields by evaporation a pale semitransparent 
brittle substance, insoluble in alcohol, but soluble in ten times 
its weight of cold water, and to any amount in water at 144°. 
The solution is coagulated into a white paste by sub-acetate of 
lead. When treated with iodine, it assumes a blue colour. It 
is precipitated by barytic water, but not by fixed alkalies, by 
lime water, nor by infusion of galls. H. 2. 246. 
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1810. When starch is exposed to a temperature between 600° 
and 700° it swells, and exhales a peculiar smell ; it becomes of 
a brown colour, and in that state is employed by calico-printers 
under the name of British gum . It is soluble in cold water* 
and does not form a blue compound with iodine. Vauquelin 
found it to differ from gum in affording oxalic instead of mu- 
cous acid, when treated with nitric acid. 

1811. The equivalent of starch, if deduced from its ultimate 
analysis would approach very closely to that of sugar. It is 
probable, indeed, that in this, as well as in other instances of 
vegetable compounds, the difference consists merely in the 
manner in which the elementary atoms are arranged ; a view of 
the subject, with which the conversion of starch into sugar, by 
processes not attended with the evolution of any gaseous pro- 
ducts, is perfectly consistent. Berzelius investigated the; equiv- 
alent of starch, by examining the composition of the insoluble 
amylate of lead , formed by mixing a boiling solution of potato 
starch with one of sub-nitrate of lead.* This he found to con- 
sist of 72 parts of starch -|- 28 of oxide of lead ; and, reasoning 
from its composition, he infers that starch must be constituted, 
either of 6 atoms of oxygen -f 7 of carbon -f 13 of hydrogen, 
or of 18 atoms of oxygen + 21 of carbon + 39 of hydrogen. In 
this case the same agreement does not exist between the num- 
ber deducible from ultimate analysis and from a compound of 
the entire substance with oxide of lead, as in the instance of 
sugar; for the equivalent, .most consistent with the first suppo- 
sition, would be not less than 103; whereas that for sugar is 
only 81. In this, as in various other cases, where the constitu- 
tion of organic substances is concerned, it is better to wait for 
the further progress of science, than to rest satisfied with equiv- 
alent numbers, which are not supported by the concurrence of 
different methods of investigation. H. 2. 248. 

1812. Besides the starch of the cerealia and potatos, the fol- 
lowing varieties of this substance are also met with. 

i. Arrow-root, the fecula of the Marantha Arundinacea. 

ii. Sago , extracted from the pith of several species of palm, 
growing in the East India islands. 

iii. Tapioca and Cassava , prepared from an American plant, 
the Jatropha Manx hat, 

iv. Salop , obtained from the roots of several species of 
Orchis, 

1813. Starchy lignin — When the residue of the spontaneous 
decomposition of starch has been washed successively with cold 
and hot water, with alcohol, and with diluted sulphuric acid, an 
alkaline ley, containing ^th its weight of potassa, still takes up 
a further portion. From this solution, diluted sulphuric acid 
precipitates a light brown combustible substance having the 
appearance of jet. It gives a blue colour to the aqueous solu- 


* Ann. af Phil. v. W- 


British pxm. 


Equivalent 

number. 


Other rarie- 
ties. 


Starchy lig- 
nin. 
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GLCTEK. 


Properties. 


Vegetable 

albumen. 


Bird-lime. 


lion of iodine, a property which, together with its solubility in 
a weak alkaline liquor, distinguishes it from common lignin. 
(1838.) It is not impossible, however, that the effect may de- 
pend on the presence of a small quantity of starch. H. 2. 246. 


Section V. Gluten. 

1814. Gluten may be obtained from wheat-flour, by form- 
ing it into a paste and washing it under a small stream of water. 
The starch is thus washed away, and a tough elastic substance 
remains, which is gluten. 

Its colour is grey, and, when dried, it becomes brown and 
brittle. It is nearly insoluble in water and in ether. When 
allowed to putrefy it exhales an offensive odour, and when sub- 
mitted to destructive distillation, it furnishes ammonia, a cir- 
cumstance in which it resembles animal products. Most of the 
acids and the alkalies dissolve it. 

1815. Gluten is an essential ingredient ib wheat-flour, and 
contributes much to its nutritive quality ; and gives considera- 
ble tenacity to its paste. 

1816. A substance, much resembling gluten, has been found 
in the iuices of certain vegetables, especially in those which 
are milky and coagulable by acids. It is contained in the sap 
of the house-leek, of the cabbage, and most of the cruciform 
plants. Submitted to destructive distillation, it affords ammo- 
nia, and is in other respects similar to the animal princi- 
ple, called albumen ; hence it has been termed vegetable albu- 
men 

1817. Caoutchouc and Bird-lime may also be considered 
as allied to gluten. These substances are insoluble in water 
and in alcohol, but they are soluble in pure sulphuric ether. 
Caoutchouc is highly inflammable, burning with a bright flame 
which throws off much charcoal. When heated it softens, and 
is in that state soluble in some of the fixed oils. It is said to 
dissolve easily in oil of cajeput. These solutions are sometimes 
used as varnishes, but with the exception of that in ether, they 
remain clammy. 

1818. The principles which have now been adverted to, viz. 
sugar, starch, gum or mucilage, and gluten, constitute the prin- 
cipal nutritive ingredients in most of the esculent vegetables. 
Wheat grown in Great Britain contains from 18 to 24 per cent, 
of gluten, the remainder being principally starch. The wheat 
of the south of Europe generally contains a larger quantity of 
gluten, and is therefore more excellent for the manufacture of 
macaroni, vermicelli, and other preparations requiring glatin- 
ous paste. The excess of gluten in wheat-flour compared with 
other grain, renders it peculiarly fit for making bread ; for the 
carbonic acid, extricated during the fermentation of the paste, is 
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retained in consequence of its adhesiveness, and forms a spongy 
and light loaf. 41 

1819. From the experiments of M. Taddei, an Italian chemist, 
it appears that the gluten of wheat may be decomposed into two 
principles, one of which he has distinguished by the name of 
Gliadine , from y gluten,) the other, of Zimome (from 

a ferment.) To separate them, fresh gluten must be kneaded 
with repeated portions of alcohol, as long as that fluid becomes 
milky by dilution with water. The alcohol dissolves the glia- 
dine and leaves the zimome. 

By evaporating the alcoholic solution, gliadine is obtained, 
forming a brittle straw-yellow, slightly transparent substance, 
with a weak smell resembling that of the honey-comb, and when 
gently heated, emitting an odour similar to that of boiled apples. 
In the mouth, it becomes adhesive, and has a sweetish and bal- 
samic taste. It is pretty soluble in boiling alcohol, but the 
greater part precipitates as the alcohol cools. It softens, but 
does not dissolve in cold water. Its alcoholic solution becomes 
milky on adding water, and is precipitated, in white flocks by 
alkaline carbonates. Dry gliadine dissolves in caustic alkalies 
and acids. It swells on burning coals, and then contracts like 
animal matter. It burns with a bright flame, and leaves a por- 
tion of charcoal which is difficult to be incinerated. 

1820. Zimome is obtained pure by boiling gluten in alcohol, 
or by digesting it in that fluid till it ceases to give out gliadine. 
There remains a shapeless mass, which is hard, tough, destitute 
of cohesion, and of an ash-white colour. After being washed 
with water, it recovers part of its viscosity ; and becomes brown 
when left in contact with air. It is specifically heavier than 
water. It does not ferment like gluten, but putrefies, exhaling 
a fetid urinous odour. At a boiling temperature it is soluble in 
vinegar and in the mineral acids. It combines with potassa, 
and forms a kind of soap. Lime-water, and solutions of alka- 
line carbonates harden it, and give it a new appearance. It 
inflames when thrown on red hot coals, and emits an odour 
similar to that of burning hair or hoofs.t 

M. Taddei has since discovered that powdered guaiacum is a 
test of the presence of zimome. When well kneaded with good 
wheat flour and a little water, the guaiacum becomes of a very 
fine blue colour. Starch does not evolve this colour, and bad 

* A hundred parts of barley contain upon an average 80 parts of starch, 0 of gluten, and 7 of sugar, 
the remaining 7 parts heing husk. From 100 parts of rye Sir Humphry Davy obtained 61 parts of 
starch and 5 of gluten From 100 parts of oats be procured 50 of starch, 6 of gluten, and 2 of sugar. 
100 parts of peas afforded about 50 of starch. 3 of sugar, 4 of gluteo, and a small portion of extractive 
matter. 100 parts of potatos yield, upon an average, 20 parts of starch ; they may be considered in 
general as containing from one-fourth to one-fifth of their weight of nutritive matter. The turnip, 
carrot, nod parsnip, chiefly contain sugar and mucilage i 1000 parts of common turnips give about 34 
of sugar, and 7 of mucilage ; 1000 parts of carrots furnish about 05 of sugar, and 3 of mucilage ; and 
the same quantity of parsnips afford 90 of sugar and 0 of mucilage. The loss of weight in the above 
cases is referable to water, and inert vegetable matter possessed of the properties of woody fibre, 
t Ann. of Philos, xr. 300, xri. 88. 
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flour in only a very small degree. But when guaiacum is work- 
ed up with gluten, and, still better with pure zimome, the colour 
instantly appears, and is a most superb blue. Guaiacum, how- 
ever, does not become at all coloured by zimome, unless the 
contact of oxygen be allowed. The powder of guaiacum is there- 
fore, a re-agent, capable of detecting the injurious alteration 
which flour sometimes undergoes by the spontaneous destruc- 
tion of its gluten, and also of ascertaining in a general way the 
proportion of that principle.* H. 


Section VI. Extractive matter and Lignin . 

1821. The term extract , or extractive principle has been 
applied to a peculiar principle which is supposed to form the 
basis of all the vegetable extracts which are generally made by 
digesting vegetable substances in water, and evaporating the 
solution to a solid consistence. 

1822. The existence of a distinct principle, under this name 
has been doubted by M. Thenard, Dr Bostock and Dr Ure ; and 
it is not improbable that future discoveries may resolve it into 
other known bodies. 

1823. It is said to possess the following properties. It is 
soluble in water, and the solution is of a brown colour. It is 
insoluble in ether, but it is soluble in alcohol containing a small 
portion of water. By repeated solutions and evaporations it 
may be rendered scarcely soluble in water. Solutions of chlo- 
rine, of many of the acids, and of most of the metallic oxides, 
occasion precipitates in the aqueous solution of extractive. 

1824. The following substances may be considered under this 
head, though many of them are obviously widely different from 
extractive matter. 

1825. Ulmin. — This substance was first noticed by Klaproth, 
spontaneously exuding from the elm. From the observations of 
Berzelius, it exists in the bark of many other trees, and may be 
obtained by digestion in alcohol and cold water; the action of 
hot water afterwards dissolves the ulmin. — Thomson’s Annul * , 
Vol. ii. 

Ulmin is of a dark brown colour, with scarcely any taste or 
smell. It is sparingly soluble in water and in alcohol, but 
readily soluble in a weak solution of carbonate of potassa. 
Very few of the metallic salts occasion a precipitate in its solu- 
tion. The exudation from the elm is generally combined with 
carbonate of potassa, and is therefore readily soluble in water. 
From late experiments Doebereiner considers it probable that 
ulmin consists of an atom of oxide of carbon, and an atom of 
water.t 

* Quarterly Journal, riii, ST? f Quart. Journal, is. 363. j 
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1826. Polychroite. This term has been applied to the ex- ^ W|( 
tract of saffron.* It is of a deep yellow colour, deliquescent, 0 7 nilt ‘ 
readily soluble in water and in alcohol, but insoluble in pure 
sulphuric ether. Exposure to the solar rays soon destroys the 
colour of its aqueous solution. Sulphuric acid renders it blue, 

and nitric acid green : solutions of lime and baryta produce yel- 
low and red precipitates ; subacetate of lead throws down a 
deep yellow precipitate, and nitrate of mercury separates a red 
powder. 

1827. Hematin . This peculiar substance was first recognis- Henmtiu. 
ed by Chevreul in the colouring matter of log-wood, t It may 

be obtained by digesting log-wood in water of the temperature 
of 125°. Filter, evaporate carefully to dryness, and digest the 
residue for 24 hours in aleohol of the specific gravity of ,837. 

Filter the alcohol ; concentrate the solution by evaporation, add 
a portion of water, evaporate a little further, and set the solu- 
tion aside : crystals are deposited which, when washed with 
alcohol and dried, are pure hematin. 

Hematin is of a reddish colour ; its taste is somewhat bitter, 
and its aqueous solution is yellow when cold, but orange-red at 
the temperature of boiling water. Sulphuric acid added to this 
solution renders it reddish yellow. The alkalies give it a pur- 
plish tint. 

1828. Bitter principle . By evapcyrating an infusion of quas- Bitter P rin<r.* 
sia, a substance is obtained of an intensely bitter taste, and of a p 1 * 
brownish yellow colour, which is readily soluble in water and in 
alcohol. Nitrate of silver, and acetate of lead, are the only pre- 
cipitants of its aqueous solution. It is probable that the same 
substance exists in other bitter vegetables, and Vauquelin has 
discovered it in the fruit of the colocynth, and in the root of 

white brtony.% 

1829. By digesting indigo, silk, and a few other substances 
in nitric acid, an intensely bitter matter is formed, called by 
Weltherthe yellow bitter principle.^ Chevreul has rendered it 
probable that this is a compound of a peculiar vegetable princi- 
ple with nitric acid. It is crystallizable, burns like gunpowder 
and detonates when struck with a hammer. 

1830. Picrotoxin . This is a bitter poisonous substance con- P5cfoloxio 
tained in the Cocculus Indicus. It may be obtained by the 
following process : — Add acetate of lead to a decoction of the 
berries, as long as any precipitate falls : filter, evaporate, and 
digest the extract in highly rectified alcohol ; evaporate to dry- 
ness, and agitate the remaining matter with a little water; 

the picrotoxin remains in the form of white prismatic crystals 
of a bitter taste. 

1831. Picrotoxin is difficultly soluble in water. Alcohol of 

the specific gravity of 810, dissolves one-third its weight. It chunem*. 

* Ann. de Chim. Ixsx. 

% Thornton’ « Sy*Um, rol. ir 

4 Ann. de Chin. xxix. 

60 


f Ann. de China, lxu. 1. 
f Ann. de Cbim> isii. 

II lb* 
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is soluble in weak solutions of the pure alkalies. It combines 
with the acids, and forms compounds, some of which are crys- 
tallizable, but they require further examination before we can 
venture to give this substance a place among the narcotic sali- 
fiable bases.* 

1832. Nicotin. This is a principle existing in tobacco. It 
was obtained by Vauquelin by the following process'! : Evapo- 
rate the expressed juice to one-fourth its bulk ; and, when cold, 
strain it through fine linen ; evaporate nearly to dryness ; digest 
the residue in alcohol ; filter and evaporate to dryness ; dissolve 
this again in alcohol, and again reduce it to a dry state. Dis- 
solve the residue in water, and saturate the acid which it con- 
tains with weak solution of potassa, introduce the whole into 
a retort, and distil to dryness : re-dissolve, and again distil three 
or four times successively. The nicotin will thus pass into the 
receiver, dissolved in water, from which solution it may be 
obtained by very gradual evaporation. 

Nicotin is colourless, acrid, soluble in water and in alcohol, 
volatile, and highly poisonous. 

1833. Jisparagin . — M. M. Vauquelin and Robiquet obtained 
this subfetance in a crystalline form by evaporating the juice of 
asparagus. It has a cool and slightly nauseous taste, and when 
burned emits acrid vapours, and leaves no traces of alkali.]: 

1834. Sarcocoll exudes spontaneously from a plant called 
the Penea Sarcocolla . It is generally of a red, or yellow col- 
our, and is soluble in alcohol and water, forming mucilaginous 
solutions. Tan causes its immediate precipitation. 

1835. Fungin. This name has been given by Braconnot to a 
substance contained in the fleshy part of mushrooms. § 

It is insoluble in water and in alcohol, and scarcely acted 
upon by the alkalies, or by dilute acids. It is the substaoce 
which remains after the mushroom has been deprived of every 
thing soluble in alcohol and in water. 

1836. Inulin. The roots of elecampane, when boiled in 
water, furnish a decoction, which, on cooling, deposits a white 
powder, in many respects resembling starch. It, however, 
differs in several properties from that principle, and has hence 
been considered a peculiar vegetable substance*|| x 

1837. Emetin. To obtain emetin, digest powdered ipecacu- 
anha in alcohol, filter, evaporate carefully to dryness, and re- 
dissolve in cold water. To this solution add carbonate of 
baryta, filter, and again evaporate to dryness ; digest this 
residuum in alcohol, and a solution is obtained, which by careful 
evaporation, affords a reddish-brown substance, soluble in alco- 
hol and in water, and precipitable by sub-acetate of lead ; its 
taste is acrid and bitter, and it is highly emetic.f 

* BouUay, Journal do Pharmacit , r. f Aon. de Chim. Ixii. 

X Aon. de Chun. it. $ Ado. de Chun. Inis. 

4 Thom*on’» Syrtom, rol. iv. 

V MM. Magcndi* and Pelletier, JtnnaU* do Chimie efPAytigwa, Vol. ir. 
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1838. Woody Jibre. The term lignin has been applied to wood 7 fibre, 
the fibrous substance which remains, after digesting wood in 

water and in alcohol. It is insipid, and exposed to destructive 
distillation, affords a considerable quantity of vinegar tainted by 
empyreumatic oil, and containing a little ammonia. The char- 
coal which remains is light, brittle, shining, and easily incine- 
rated. The relative quantity, yielded by different woods, has 
already been adverted to (625.) 

1839. We are indebted to M. Braconnot for some highly Action ofwi- 
interesting experiments, relating to the action of sulphuric acid 

on wood.* In the course of these researches, he triturated 25 
parts of hempen cloth with 34 of the acid ; it acquired the con- 
sistency of mucilage, which, after 24 hours, was almost entirely 
soluble in water. The diluted liquor was saturated with chalk, 
filtered, and evaporated to the consistency of sirup ; it deposit- 
ed sulphate of lime, and was then further evaporated to dryness, 
when a substance, having the characters of gum, was obtained. 

In another experiment, 24 parts of lignin were reduced to gum 
by 34 of sulphuric acid ; this acid mixture, diluted with water, 
and boiled for 10 hours, became sweet; the acid was then sep- 
arated *by chalk, and the liquor, on due evaporation, afforded a 
cry stall izable sugar. 

Moistened saw-dust, heated in a platinum crucible with its 
weight of caustic potassa, afforded a matter soluble in water, 
and which, upofi the addition of an acid to neutralize the alkali, 
yielded a substance having the properties of ulmin . 

1840. The woody fibre by exposure to the atmosphere in a 
perfectly dry state, does hot undergo any change. The action 
of the air upon it, however, when moistened, causes it to pass 
through various shades of colour, into a black mould. If the 
process be carried on in a confined portion of oxygen gas, car- 
bonic acid is formed. When excluded from the air, even moist 
wood shows very little tendency to decomposition. 

1841. The atomic constitution of lignin, which agrees most compo*ttb«. 
nearly with its ultimate analysis is the following : 


Carbon 7 atoms 42 53,86 

Oxygen 4 “ 32 41,02 

Hydrogen ... 4 “ 4 5,12 

78 100 H.2.256. 


1842. Suber or Cork. This is a light, soft, elastic, and com- g**,. 
bustihle substance, burning with a bright flame and leaving a 
bulky charcoal. Its principal peculiarity is, that by digestion 

in nitric acid, it is converted into an orange-coloured mass, 
which furnishes to water a peculiar acid matter, which has been 
termed suberic acid . Chevreul has found in it resin, oil, and a 
peculiar matter which he calls CerinA 

1843. Cotton is a downy substance found in the seed-pods 
of the different species of gossypium. It is insoluble in water ° 

* Ana. de Chin. «t Phjr*. xii. 171. t See Wax. 
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and in dilute $lakline and acid solutions. It combines with 
several of the metallic oxides, which are therefore used as inter- 
medes, or mordants , in the art of dyeing. Acetate of alumina 
is principally employed for this purpose. 

1844. Medullin is a term given by Dr. John to the pith of 
the sun-flower and some other plants ; it is insipid, inodorous, 
insoluble in water, and alcohol, and affords oxalic acid when 
treated by nitric acid ; submitted to destructive distillation, the 
products abound in ammonia. 


Section VII. Tannin . 

1845. Tannin, or the astringent principle, is contained in 
many vegetables. It may be procured by digesting bruised 
gall-nuts, grape-seeds, oak-bark, or catechu, in a small quantity 
of cold water. The solution affords, when evaporated, a sub- 
stance of a brownish-yellow colour, extremely astringent, and 
soluble in water and in alcohol. 

The purest form of tannin appears to be that derived from 
bruised grape-seeds, but even here it is combined with other 
substances, from which it is perhaps scarcely separable, and 
among the numerous processes which have been devised for 
procuring pure tannin, there is none that answers the intended 
purpose. Mr. Brande recommends the following process as 
that by which he has obtained tannin of the greatest apparent 
purity. Digest powdered catechu in water at 33° or 34°, filter 
anfd boil the solution, which, on cooling, becomes slightly tur- 
bid, and is to be filtered again, and evaporated to dryness ; cold 
water, applied as before, extracts nearly pure tannin.* 

•The following process, practised by Tromsdorff, U described by Dr Thomson, as yielding tu of 
greater purity than any other method. Three parts of bruised galls were digested with 40 parts of 
water for three days, at the temperature of 06° Fahr., the mixture being frequently atirred. The 
whole was now placed on a linen strainer, the liquid set apart, and the residuum treated as before 
with 40 parts of water. Four different infusions were that made, all of which were gently evaporated 
together to one-fourth their hoik in a porcelain basin. The liquid, being drained through a thick 
linen doth, w as farther evaporated to the consistence of a jelly, and placed upon a flat porcelain dish 
near a stove till it became dry. The dry mass was digested with thrice its weight of pars alcohol ; 
and this digestion was repeated three times, till the last portion of alcohol was found to be fice from 
gallic acid f end to remove this acid effectually, the dry mass was digested, twice in succession, with 
alcohol, containing ten per cent of water. The tan, however, was still considered as cootammafted 
with extractive and mucilaginous matter. To get rid of theee, the whole was dissolved in 
water, and again evaporated to dryness. These solutions and evaporations were repeated several 
times, with the view of rendering the extract ineoluble ; but nothing insoluble was thus separated. 
The last solution, being left some time in a warm place, contracted a mouldy scum, which was 
removed. The liquid beneath it, being evaporated to d/ryneas, left tan of considerable purity, bet 
still containing sulphate of time. To separate this, the tan was dissolved in water, and carbonate ef 
potassa added ae long as any precipitate fell. The liquid was then filtered and mixed with *^*» tatv 
of lead, which threw down a compound of oxide of lead and tan. This powder was crashed sri 
dried, and being diffused in water, a current of enlphuretted hydrogen wae transmitted thnmgh H. 
The lead was thus thrown down in onion with sulphur, while the tan dissolved in the water. The 
liquid, after being boiled, filtered, and evaporated to dryness, gave tan io a stale of as great painty 
as nan be obtained from nut-galls. H. 2. 26fi. 
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1846* The most distinctive character of tannin is that of Properties, 
affording an insoluble precipitate when added to a solution of 
isinglass, or any other animal jelly. Hence infusion of tan is 
used as a test of the presence of gelatine, and, reciprocally, 
solution of gelatine may be used as a test of the presence of 
tan. The solution of gelatin, or/ jelly, may be prepared for the 
purpose of precipitating tan, by dissolving isinglass in water, 
in the proportion of ten grains to two ounces. The precipitate 
which has been called Tanno-gelatine consists of 54 jelly and 
46 tan. An excess of the solution partly re-dissolves it. 

Upon this property the art of tanning depends, for which oak- Tamaa*. 
bark is generally employed ; the barks, however, of many 
other trees may occasionally be substituted.* 

1847. Tan forms a precipitate with solution of starch, with union wm 
gluten and albumen, and with many of the metallic oxides. An 
account of the precipitates formed in metallic solutions by infu- ide »- 
sion of galls, will be found in the Tables : but these precipi- 
tates are very complex, and vary in composition. 

1848. If the solution of tan, obtained as above-described 
from catechu, be added to acetate of lead, an insoluble tannate 
of lead falls, composed, according to Berzelius, of 100 tannin 
4* 52 oxide of lead. Now, if we suppose that tannin forms 
definite compounds with the metallic oxides, in the manner of 
a vegetable acid, the number 215,3 will be its representative, 
as deduced from the above datum. 

1849. Mr. Hatchett has shown that tan may be formed arti- Artificial tan. 
ficially by digesting charcoal in dilute nitric acid during several 

days ; it is at length dissolved, and a reddish brown liquor is 
, obtained, which furnishes, by careful evaporation, a brown 
glossy substance, amounting to about 120 parts from 100 of 
charcoal. 


* The following Table, drawn up by Sir Humphry Davy, exhibits the average quantity of tan con- 
tained in 480 lbs. of different barki : — Agricultural Chemistry, 4 to. p. *79. 


Average of entire bark of middle-aiaed Oak, cut in spring . 

■ of Spanish Chestnut .... 

- — of Leicester Willow, large rise 

“ ^ of £ln ........ 

. ■ ■ — — -■ — of Common Willow, large . . 

■ ■ — ■- . ■ of A»h 

— i. i — — - ■- of Beech 

. — ■ ■ of Hone Chestnut 

— ■ -■ — — — — n — of Sycamore 

— I. — of Lombardy Poplar .... 

■ - ■ ■ - of Birch 

■ — - ■ — ofHaael 

■ — of Black Thorn 

— -—■■■- — — ■■ - . of Coppice Oak 

-■ ■ ■ -- — of Oalt cut in autumn .... 

— I..-. - ... — of Larch cut in autumn . . . 

White interior cortical layenof Oak-bark 


lbs. 

*«t 

93 

13 
11 
16 
10 

9 

11 

15 
8 

14 

16 
38 
21 

8 

72 


f Chestnut woodbasbeeo found to contain twice as much tannin as the inner bark of the oak, and sii- 
ee venlhs as much colouring matter as logwood. See Mr Sheldon’s paper in Jimer. Jour, of Science, 


1. 312. 
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This artificial tannin appears to differ io one circumstance 
only from natural tannin, which is, that it resists the action of 
nitric acid, by which all the varieties of natural tannin are 
decomposed, though some are more capable of resisting its 
action than others. 

Artificial tannin has a bitterish astringent taste, is soluble ia 
water and alcohol, and forms an insoluble precipitate in solu- 
tions of animal gelatine, the precipitate consisting, according to 
Mr Hatchett, of 36 tannin + 64 gelatine. 

Muriatic and sulphuric acids occasion brown precipitates, in 
solution of artificial tan, which are soluble in hot water. It 
combines with the alkalies, and forms a precipitate of difficult 
solubility in aqueous solutions of lime, baryta, and strontia,and 
in most metallic solutions ; these precipitates are of a brown 
colour. 

1850. A variety of artificial tan is formed by digesting cam- 
phor and resins in sulphuric acid till the liquor becomes black, 
and on being poured into water, deposits a black powder, which, 
by digestion in alcohol, furnishes a brown matter, soluble in 
water, and forming an insoluble precipitate with gelatine.* 


Section VIII. Colouring Matter 

1851. The colouring matter of vegetables appears to reside 
in several of their principles, and is therefore very differently 
acted on by solvents. Its extraction, and transfer to different 
substances, constitutes the art of Dyeing . 

1852. Different materials not only possess very different 
attractions for dye stuffs, but they absorb the colouring matter 
in very different proportions. Wool appears in this respect to 
have the strongest attraction for colouring substances: silk 
comes next to it ; then cotton ; and, lastly, hemp and flax. 

1853. Colours have been divided by Dr Bancroft, in his 
work on permanent Colours , into substantive and adjective. 
The former communicate colour without the intervention of 
any other substance. They have an attraction for the fibre of 
cloth or linen, and are permanently retained. The latter re- 
quire the intervention of some body, possessed of a joint attrac- 
tion for the colouring material and stuff to be dyed. The sub- 
stance capable of thus fixing the colour, has been called a basis , 
or mordant . 

1854. The mordants most frequently applied are acetate of 
alumina , sulphate or acetate of iron 9 and muriate of tin. 
The substance to be dyed is first impregnated with the mor* 
dant, and then passed through a solution of the colouring mat- 
ter, which is thus fixed in the fibre, and its tint is either modi- 
fied or exalted by the operation. 

♦Hatchett, PkiU Trmnt. 1805,1806. 


Digitized by 


Google 



INDIGO. 


479 


The following are the modes of producing some of the 
principal colours. 

1855. Black is produced by astringents and salts of iron, and BUck * 
if intended to be deep and perfect, the cloth should previously 

be dyed blue with indigo. The stuff is first soaked in a bath of 
galls, then rinced, and passed repeatedly through a solution of 
sulphate of iron in infusion of logwood ; exposure to air deep- 
ens the colour, which at first has a purplish tint. Logwood 
tends considerably to improve the black, and prevents its 
acquiring a rusty or brown hue. Sometimes madder is used 
for the same purpose. Silk is dyed black nearly in the same 
way, but it requires a much larger relative proportion of galls, 
and the operation must be frequently repeated. It is difficult 
to give a good and permanent black to calico; in this process, 
acetate of iron, galls, and madder are generally used, and the 
colour is rendered more durable by previously steeping the 
goods in a weak solution of glue. 

Grey is produced by the same operations as black, but the Gn7 , 
materials are used in a very dilute state. 

1856. Blue is chiefly derived from indigo , a substance pro- Blue, 
duced by fermenting the leaves of several species of the indigo- 

J era 9 a plant abundantly cultivated in South America and in 
the East Indies. 

1857. Indigo is a substance of a deep blue colour, containing 
about 50 per cent, of pure colouring matter, which is perfectly 
insoluble in water; when heated it sublimes in the form of a 
blue smoke, which on condensation, forms acicular crystals. 

It is soluble in concentrated sulphuric acid. This solution is 
usually called Saxon or liquid blue , and is used as a substan- 
tive colour for dyeing cloth and silk. Substances which pow- 
erfully attract oxygen render indigo green, and by exposure to 
air, it again acquires a blue colour. In this green state indigo 
is soluble in the alkalies, and the solution is commonly employed 
for dyeing calico. A bath for this purpose may be made by 
mixing one part of indigo, two parts of sulphate of iron, and 
two of lime, in a sufficient quantity of water : in this case the 
sulphate of iron is decomposed by a portion of the lime. The 
protoxide of iron thus produced becomes peroxidized at the 
expense of the indigo, which is rendered green and soluble in 
the alkaline liquor; cotton steeped in this solution acquires a 
green colour, which by exposure 'to air, and washing in water 
acidulated with sulphuric acid, becomes a permanent blue. 

A little iron or zinc thrown into diluted sulphate of indigo, 
changes or destroys the colour in consequence of the evolution 
of hydrogen ; the colour is also quickly impaired and destroyed 
by chlorine. 

1858. The analysis of indigo, to ascertain the proportion of An ,i v#;tof 
colouring matter, which varies much in different samples, may 

be performed by the successive action of water, alcohol, and 
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Aetioo of ni 
trie acid. 


muriatic acid, (Chevreul, Ann. de Chim. Ixvi. 
parts of Guatimala indigo, thus treated, afforded 


To water . . 


To Alcohol. 


To Muriatic 
Acid. 


Residue • 


{ Green matter combined with ammonia 

J Deoxidized indigo 

j Extract 

C Green matter ....... 

< Resin 

f A trace of indigo 

S Red resin 

Carbonate of lime ....•• 
Oxide of Iron ....... 

Alumina 

< Silica 

) Pure indigo 


\ 

i 


20 .) 

12 

30 

6 

2 

2 

3 

45 


100 


100 * 


1859. There appears to be a certain stage of oxygenizement in 
indigo, which is essential to the developement of its blue colour, 
and any proportion of oxygen, either exceeding or falling short 
of this, is equally destructive of its perfect hue. Thus diluted 
nitric acid dissolves indigo, but the solution is yellow, and the 
indigo is decomposed. A thin layer of resinous matter appears 
floating in the solution. If this be removed, and the solution, 
after evaporation to the consistence of honey, be re-dissolved in 
hot water, filtered, and mixed with a solution of potassa, yellow 
crystals appear, which consist of the bitter principle united 
with potassa. These crystals, being wrapped up in paper and 
struck with a hammer, detonate and emit a purple light. If, to 
a drachm or two of finely powdered indigo, we add an ounce 
measure of fuming nitrous acid, the mixture presently becomes 
hot, nitrous gas is evolved, a stream of sparks arises, from it, 
and finally the whole bursts into flame. When the actiomof 
the nitric acid is moderated by adding an equal bulk of water, 
and the mixture, after being digested for some days, is evapo- 
rated to dryness, the residuum is soluble in water, and contains 
a small proportion of oxalic acid, with a considerable quantity 
of artificial tan. Benzoic acid may also be obtained from the 
dry mass by sublimation. It appears then that by the action of 
nitric acid on indigo, there are generated oxalic and benzoie 
acids, tan, and the bitter principle. H. 261. 


•In order to fiod the value of any sample of indigo. Mr Dalton directs to take one grain, csrcfdly 
weighed from a mass finely pulverised, put this into a wine glass, and drop two or three grains of cca- 
ecntcated sulphuric acid upon it. Having triturated them well, pour in water, and transfer the colow 
*d liquid into a tall cylindrical jar, about one inch inside diameter. When the mixture is diluted 
with water, so as to show the flame of a candle through it, mix the liquid solution of chloride of lime 
with it, agitating it slowly, and never putting in any more until the smell of the preceding paction has 
vanished. The liquid soon becomes transparent, and of a beautiful greenish-yellow appearance. 
After the dross has subsided, the clear liquid may be poured off, and a little more water put into the 
sediment with a«few4rops of chloride of lime and a drop of dilute sulphuric acid ; if snore yellow 
liquid is produced, it arises from particles of indigo which have escaped the aetioo of the chloride be- 
fore, and must be added to the rest. The value of the indigo Mr. Dalton considers to he in proportion 
to the qoantity of real chloride of lime necessary to destroy its colour. See MtmckaUr Mtmotrt V. 
9. iv. 437 . 
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1860. Chlorine destroys its colour, and the same quantity of Effect of 
free chlorine discolours always the same quantity of indigo. c oru " 
Hence a solution of indigo in sulphuric acid has been employed 

for measuring the strength of solutions of chlorine and of chlo- 
ride of lime, in order to regulate their application to the process 
of bleaching.* 

1861. To obtain indigo of sufficient purity for experiment, To obtain 
the yellow solution of de-oxidized indigo by lime, which forms por#IDi ‘ l# ' 
the dyer’s blue vat, may be agitated in contact with air, which 

will revive the indigo, and precipitate it purified to a certain 
degree. The precipitate may be digested in dilute muriatic 
acid, which will remove a little iron and carbonate of lime. It 
is then to be washed with distilled water, and dried.t 

Indigo may be purified more completely by sublimation. 

About ten grains of purified indigo, in lumps of about 1 grain, 
may be placed in a shallow metallic capsule of about 3 inches 
diameter, covered with a similar capsule, the concave sides of 
both being placed inwards, and at a distance not exceeding 
three-eighths of an inch in the middle. Mr Crum used two 
platinum crucible covers, but similarly shaped vessels of other 
metals would probably answer equally well. The lower capsule 
is to be heated by a spirit lamp; and when a hissing noise, 
which at first attends the process, has nearly ceased, the lamp 
is to be withdrawn, and the apparatus allowed to cool. On 
removing the cover, the sublimed indigo is found planted on its 
inner surface, forming long flat needles, in quantity equal to 18 
or 20 per cent of the original weight, and of a brilliant and in- . 
tense copper colour. The colour, however, varies with the cir- 
cumstances under which the crystals are observed. The speci- 
fic gravity of the sublimate is 1 ,3. 

1862. Sublimed indigo is fusible and volatile at a heat of Sublimed in* 
about 550° Fahrenheit, leaving no residue when heated in open ai * 0, 
vessels. Its vapour is transparent and of a beautiful violet col- 
our, differing from that of iodine by a shade of red. The 
melting point of indigo, that at which it sublimes, and that at 
which it is decomposed, appear to be remarkably near each 
other. Boiling oil of turpentine dissolves enough of purified 
indigo to acquire the same fine violet colour as its vapour, but 
deposits it again on cooling. 

By the ignition of sublimed indigo with peroxide of copper 
in green glass tubes, its analysis gave 

Carbon • • • 73,22 

Aiote ... 1 1,26 

Oxygen . . . 12,60 

Hydrogen . . . 2,92 


Analysis. 


100,00 


• For a description of an instramoot for this purpose contrived b y M Gay Lossac, see ins. d* 
CSms. «( Php. for Jane 1834. 

t See an interesting paper, containing “ Experiments and Ob serrations on Indigo, and on certain 
Substances which are prodneed from it by means of Solphtzrio Acid,'* by Mr Walter Crum of Glas- 
gow, in the Anoais of Philosophy, N. S. ▼. 81. 

61 
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These numbers correspond very nearly to 


Carbon • • 16 atoms 

= 96 . 

. or . . 

. 73,84 

Azote • • 1 ditto 

= 14 . 

• or • • 

. 10,77 

Oxygen • • 2 ditto 

= 16 . 

• or • • 

• 12,31 

Hydrogen • 4 ditto 

= 4 . 

. or • • 

. 3,08 

Equivalent number . 

. 130 


100,* 


Ctroiis »&a 1863. By the action of sulphuric acid on indigo two new 

Pbeoicin. substances are obtained termed by Mr Crum Cerulin and Phe- 
nicin. To prepare the former, the indigo is digested in the 
acid, the mixture is dissolved in a large quantity of sulphuric 
acid, and the filtered solution is precipitated by potassa. The 
precipitate consists of cerulin , in combination with the sul- 
phate of potassa and has been called Ceruleo-stilphaie of po- 
tassa. It requires about 140 parts of water for its solution, and 
forms a very deep blue coloured liquid. In its properly of 
forming insoluble compounds with neutral salts, cerulin is 
analogous to tan. From its ultimate analysis it appears to con- 
sist of 1 atom of indigo + 4 atoms of water. 

Phenicinbow 1864. Phenicin is procured by stopping the action of the 

procured. Qn £ nc jigo before it is converted into cerulin ; diluting, 

filtering and washing the mixture with 'water, when it becomes 
of a bottle green colour : muriate of potassa is added to the blue 
washings which are finally obtained, when the phenicin is 
precipitated of a fine reddish purple colour. It is soluble in 
water, and in alcohol, forming blue-coloured solutions, and is 
easily converted into cerulin by the action of water. From its 
ultimate analysis Mr Crum is disposed to consider phenicin as 
constituted of 1 indigo + 2 water. 

1865. The colouring matter of vegetables, besides being capa- 
* ble of fixation on cloth, may be obtained in a dry form, in com- 

bination with a base only. Thus, if to a decoction or infusion 
of madder in water, a solution of sulphate of alumina be added, 
the colouring matter is precipitated in combination with the 
Lakes, alumina, forming what is termed a lake. For obtaining this, 
the following process is given by Sir H % Englefield. Put two 
ounces of Dutch crop-madder into a calico bag, capable of hold- 
ing three or four times that quantity. Pour on it a pint of dis- 
tilled water, and triturate, in a mortar, as much as can be done, 
without destroying the bag, The water becomes loaded with 
colouring matter, and is opaque and muddy. Pour off this por- 
tion, and repeat the operation till no more colour is obtained, 
which will generally happen after the fifth or sixth affusion. 
Pour these several washings into an earthen or well-tinned cop- 
per pan ; and apply heat till the liquor boils. Let it then be 
poured into a basin; and one ounce of alum, dissolved in a 
pint of water, be added, and mixed by stirring. Add an ounce 

* Mr Crum object*, properly to tbe application of the term indigogeru, applied by Drug Date Hi to 
sublimed indigo, and denies the power, which has been ascribed to tha sublimate, of amalgamating 
with mercury. 
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and a half of saturated solution of sub-carbonate of potassa; a vio- 
lent effervescence will ensue, and the colouring matter will be 
precipitated. Stir the mixture till cold, and wash repeatedly 
with boiling water. About half an ounce of lake will be 
obtained, containing two-fifths its weight of alumina. 

Other lakes may be obtained of different colours, by the sub- 
stitution of different dyeing-woods ; and from the infusion of 
cochineal, the beautiful pigment called Carmine is precipitated 
by means of a solution of tin. H. 2 . 263. 

1866. Yellow . There are several dyestuffs employed in the 
production of yellows. A decoction of Weld {Reseda Lu - 
teola,) with an aluminous mordant gives a good yellow, which 
is rendered more brilliant by tartar, and by permuriate of tin. 

The bark of the American oak ( Quercus Nigra,) or Querci- 
tron bark , also furnishes excellent yellows; it was first intro- 
duced into England by Dr Bancroft, who has fully and philo- 
sophically detailed its various applications.* The salts of alum- 
ina and of tin are the principal mordants employed both with 
wool and cotton. ' 

Fustic wood , sumac, and dyers 9 broom , are also occasion- 
ally employed as sources of yellow colours. 

1867. Reds are chiefly produced from madder, the prepared 
root of the Rubia Tinctorum . The colouring matter is fixed 
by an aluminous mordant, assisted by galls, but the process is 
very complex and circuitous. In Dr Bancroft’s work above 
quoted (vol. ii.) are full details upon this subject; and a per- 
spicuous abstract of them will be found in Ai&in’s Dictionary , 
Art. Dveiko. 

Brazil wood , safflower, and logwood are occasionally em- 
ployed as red or pink dye stuffs, but they only give fugitive 
colours. 

1868. Scarlet is produced exclusively with the colouring 
matter of the cochineal , a small inseet 'brought from Mexico, 
where it is found upon different species of the Opuntia . The 
nature of this colouring matter has been investigated by M. M. 
Pelletier and Caventou; it is united in the insect with a pecu- 
liar animal matter, fat, and some saline substances ; they sepa- 
rated it by exposing a strong alcoholic tincture of cochineal to 
spontaneous evaporation ; it deposited a crystalline matter, w hich 
was re-dissolved in alcohol and the solution mixed with its bulk 
of sulphuric ether; this caused it in a few days to deposit the 
pure colouring principle, which they call Carminium : Dr 
John has proposed for it the term Coccinellin . This substance 
is fusible at about 120°, very soluble in water, less so in alco- 
hol, and insoluble in ether ; the acids change its eolour from 
purple to pale red or yellow: the alkalies render it violet; 
and its colour is impaired by most saline solutions. It readily 
combines with alumina, forming a beautiful lake or carmine . 

* Experimental Retearcbea concerning the Philosophy of Permanent Colour*, Ac. London, 1913. 


Yellow. 
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The colouring matter of cochineal is fixed upon wool by nitro- 
muriate of tin and tartar, by which scarlets are produced and 
alum changes the scarlet to crimson. Cotton and linen are very 
rarely dyed with cochineal, for independent of its great ex- 
pense the colours are little superior to those given by madder. 

1869. Buff and Fawn Colour are produced in a variety of 
ways. Walnut-husks and Sumac , with alum mordants, give 
durable colours of this description, which are rendered Drab 9 
or Grey , by a very little iron. 

Green. 1870. Green is obtained on woollen cloth, by passing it 

through the green indigo vat, and then dyeing it as for simple 
yellows, the relative proportion of the blue and yellow being 
adjusted to the intended intensity of the green. Silk is first 
dyed yellow, and afterwards blued with indigo. Saxon green 
is done by dyeing yellow upon a Saxon blue ground. A solu- 
tion of verdigris in vinegar is sometimes used to produce a deli- 
cate green ; pearlash is added before it is used, and the cotton 
previously impregnated with the alum mordant, is then passed 
through the mixture.* 

Caiic* -print- 1871. Ca lico-printing is a more refined and difficult branch 

*"*• of the art of dyeing. In this process adjective colours are almost 
always employed. The mordants, the principal of which are 
acetate of alumina, and acetate of iron, are first applied to the 
calico by means of wooden blocks or copper plates, upon 
which the requisite patterns are engraved. The stuff is then 
passed through the colouring bath, and afterwards exposed on 
the bleaching ground, or washed. The colour flies from those 
parts which have not received the mordant, and is permanently 
retained on those parts only to which the basis has been appli- 
ed : variety of colours is produced by employing various mor- 
dants and different colouring materials. 

White spots upon a dark ground are sometimes produced by 
covering the parts with wax, pipe-clay, or other materials, 
which prevent the contact of the colour; or citric acid, 
thickened with gum, is applied, like a mordant with a block or 
plate which prevents the retention of the colour. Sometimes 
the colour is discharged in places by the application of chlo- 
rine.t 


Section IX. Wax* 

1873. This principle exists in many plants; it may be ob- 
tained by bruising and boiling them in water ; the wax sepa- 
rates and concretes on cooling. 

• Besides the shore, an infinite variety of »omp<m*d colours ere formed, by mixtures of the simpler 
tints, and of the mordants; for practical details see Dr Bancroft's Trtatiu, and BertkoUe t on Dfoif. 
t See Parks*’ Sum ft, r. 1. and Best Jour, of Philos, iii. 
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The berries of the Myrica certfera , and the leaves and stem 
of the Ceroxylon afford considerable quantities of wax by this 
process.* The glossy varnish upon the upper surface of the 
leaves of many trees is of a similar nature, and though there 
are shades of difference, these varieties of wax possess the 
essential properties of that formed by the bee. 

1873. Pure wax is colourless and insipid ; its specific gravity Vropcrtias. 
is about ,96 : it is insoluble in water, and fusible at a tempera- 
ture of about 150° ; at a higher temperature it is converted into 
vapour, and at a red heat it burns in the contact of air with a 
bright flame. It is sparingly soluble in boiling alcohol and 
ether, and is deposited as the solutions cool. The fixed oils, 

when assisted by heat, readily dissolve it, and form a compound 
of variable consistency, which is the basis of cerates and oint - CermtM 
merits . Some of the volatile oils also dissolve wax, when aid- 
ed by heat. It is soluble in the fixed alkalies, forming soapy 
compounds ; but the acids scarcely act upon it ; hence the 
advantage of wax-lute for the retention of corrosive vapours. 

1874. When bees’-wax, or myrtle-wax, are digested in boil- 
ing alcohol, they afford, according to Dr John, a soluble and 
insoluble portion ; he has called the former cerin , the latter 
myricin. Cerin is insoluble in water and in cold alcohol and Ccrio * 
ether, but dissolves in those liquids when heated. Myricin is M J ricia * 
insoluble, under all circumstances, in alcohol and ether. 

The term cerine has been applied by Chevreul to a principle c*™* 
resembling wax which he separated from cork ; it is less fusible 
than wax, more soluble in alcohol, and partly converted into 
oxalic acid, by the action of nitric acid. 

Gay Lussac and Thenard, and Dr Ure, have analyzed yellow 
wax by combustion with peroxide of copper and deduced its 
elements to be 


Carbon 81,784 .... 80,69 

Oxygen 5,544 .... 7,94 


Hydrogen .... 12,672 .... 11,37 
loot loot 

The atomic constitution, most consistent with these results is, 

Carbon ... 13 atoms .... 78 . • 80,41 

Oxygen . . 1 atom .... 8 . . 8,26 

Hydrogen . 11 atoms .... 11 • . 11,33 

97 100. 

But it is not improbable, as Dr Ure has remarked, that an 
atom more of hydrogen may exist in wax than has been dis- 
covered by analysis, and that it may consist of 12 atoms of 

olefiant gas + 1 atom of carbonic oxide. H. 2. 275. 

■ • Bostoek, Nicholson's Journal, VoL it. Braude, PkU. Trano. 1811. Dana, in Auur. Journal oj 
Science, i. 

t Recberahcs, & $ PUQ. Trans. 1822. 
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FIXED OIL. 


Emulsion*. 


Stearine. 


Elaine. 


Section X. % Fixed Oil . 

1875. Fixed Oil is generally obtained by pressure from cer* 
tain seeds, such as the almond, linseed, and many others and 
from the olive. The specific gravity of the fixed oils, is usu- 
ally a little below that of water. They are viscid ; insipid, or 
nearly so ; and generally congeal at a temperature not so low as 
that required to freeze water. A few of them are solid at the 
ordinary temperature, and have been called vegetable butter a. 
They are insoluble in water, but by the aid of mucilage may 
be diffused through it, forming emulsions . They are for the 
most part sparingly soluble in alcohol and ether, though castor* 
oil dissolves iu any quantity in those fluids.* 

1876. Olive oil is sometimes adulterated with that of certain 
seeds, which may be detected by the action of nitrate of mer- 
cury. For this purpose, 6 parts of mercury are dissolved with- 
out heat, in 7,5 parts of nitric acid, specific gravity 1,36 ; this 
solution, shaken with olive oil, becomes solid in a few hours; 
but if sophisticated with oil of grains, it does not solidify iL 

1877. If oil, which has been congealed by cold, be submitted 
to pressure between folds of bibulous paper, a dry, concrete, 
fatty matter is obtained, which Chevreul has called Stearine : 
the paper absorbs a fluid matter, which does not congeal at a 
much lower temperature, and which, though it does not become 
rancid, acquires viscidity by exposure to air. This fluid part 
he has called Elaine . The relative proportions of these prin- 
ciples differ in the different oils.t — Annales de Chimie , Tom. 
xciii. xciv. — See Animal Oils . 

M. Pictet’s method of procuring elaine, consists in pouring 
upon oil a concentrated solution of caustic soda, stirring, the 
mixture, heating it slightly to separate the elaine from the soap 
of the stearine, pouring it on a cloth, and then separating by 
decantation the elaine frotn the excess of alkaline solution. 

1878. These oils cannot be volatilized without decomposi- 
tion, which takes place at a temperature of about 600°, and 
water is copiously formed, attended by the separation of car- 
bonaceous matter, which causes the oil to blacken and grow 
thick ; a portion of acetic acid is also at the same time formed. 
If the vapour be collected, it is found acrid, sour, and empy- 
reumatic ; it was formerly employed in pharmacy, under the 
name of philosopher’s oil , and as it was often obtained by steep- 

* Brande, Phil. Transaction*, 1811. 

f For the purpose of lubricating delicate wheel-work, as in chronometers, clocks, ke. it is important 
that oil should be free from evei 7 kind of acid, or of mucilage, that it sboald io fact be pure elaine, 
without an y trace of stearine. In order to extract the elaine from fixed oils M. Cfaevrenl treats it in a 
matrass, with 7 or 8 timea its weight of alcohol nearly boiling, decanting the liquid, and exposing it ts 
cold. The stearine will then separate itrthe form of a crystallised precipitate. The alcoholic solu- 
tion must then be evaporated to the fifth of its volume, and the remainder will be elaine, which 
ongbt to be colourless, insipid, almost without smell, without any action on the infusion of turnsole, 
having the cfmistence of white olive oil, and cocgulable with difficulty. Ed in- Jour, 


Digitized by 


Google 



SOAP. 


487 


ing a brick in oil, and submitting it to distillation, it was also 
called oil of bricks . Passed through a red hot tube, the fixed 
oils furnish a very large proportion of carburetted hydrogen gas ; 
and when burned in the wicks of lamps they suffer a similar 
decomposition, and water and carbonic acid are the products of 
their combustion. 

1879. The greater number of the fixed oils undergo little 
other change by exposure to air than that of becoming some- 
what more viscid, and acquiring a degree of rancidity. In this 
state they contain free acid, and redden vegetable blues. Some 
few, such 'as linseed, and nut-oil, and the oils of the poppy and 
hemp-seed, become covered with a pellicle, and when thinly 
spread upon a surface, instead of remaining greasy, become 
hard and resinous; these are termed drying oils, and their 
drying quality is much improved by boiling them upon a small 
quantity of litharge. 

1880. The drying oils, and especially nut-oil, form the basis 
of printer 9 s ink, the history of which will be found in Lewis’s 
Phil. Commerce of the Arts . The oil is heated and set fire to, 
and after having been suffered to burn for half an hour is extin- 
guished, and boiled till it acquires a due consistency ; in this 
state it is called Varnish , and is viscid, tenacious, and easily 
miscible with fresh oil, or with oil of turpentine, by which it is 
properly thinned, and afterwards mixed with about one-eighth 
part of lamp-black. 

1881. Nitric acid acts with great energy on the fixed oils. 
In a small proportion, its chief effect is to render them thicker. 
When distilled together with a larger proportion of acid, the oil 
is decomposed, and nitrous gas, disengaged; oxalic acid remain- 
ing in the retort Red and smoking nitric acid, when sudden- 
ly mixed with a fixed oil, especially with the addition of a little 
sulphuric acid, occasions a violent combustion. Chlorine gas, 
passed through them, thickens them, and renders them tena- 
cious like wax. H. 

1882. The alkalies readily combine with the fixed oils, and 
form white compounds called Soap . Of these the most impor- 
tant is the soap of soda , which is thus made : Five parts of 
barilla are mixed with one of lime and a proper quantity of 
water. In this way a ley , or solution of caustic soda, is obtain- 
ed, which is boiled in an iron pot with six parts of oil till the 
soap separates, which is accelerated by the addition of common 
salt; it is then suffered more perfectly to congeal, and in a few 
days becomes hard enough to cut into forms.t The best 
soaps are made with olive oil and soda ; in this country animal 
fat is usually employed for the common soaps, to which resin 
and some other substances are occasionally added. Soft Soap 
is a compound of potassa with some of the common oils ; even 
fish oil is often used. 


* Aikia’s Dictionary, Art. Soap. 


Oil of brick*. 


Dryinj oil*. 


Printer*’ ink- 


Action of 
nitric acid. 


Action of 
h Ik j lies. 

Soap. 
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SPONTANEOUS COMBUSTION. 


Transparent 

•oep. 


Analysis. 


Spontaneous 

combustion. 


Soap furnishes a milky solution with water. It dissolves in 
alcohol, and the solution, if concentrated, is of a gelatinous con* 
sistency. By carefully distilling off the alcohol, a transparent 
soap is obtained. 

The acids and the greater number of salts decompose sOap, 
forming in most cases a compound of difficult solubility ; hence 
hard waters are unfit for washing, in consequence of contain- 
ing sulphate of lime; hence also the alcoholic solution of soap 
is useful as a test for ascertaining the fitness of water for this 
purpose, which, if it becomes very turbid, cannot in general be 
used for washing. 

When soaps are decomposed by the acids, the oil which they 
contain is found to have undergone a change, the history of 
which will be noticed under the head of animal oils . 

1883. The fixed oils readily combine with oxide of lead, 
when aided by heat, forming the compound usually termed 
plaster ; with the oxides of mercury and bismuth they produce 
very similar combinations, and are also capable of dissolving 
white arsenic in large proportion. 

1884. The ultimate components of olive oil, as given by 
Gay-Lussac and Thenard, are 

• Carbon 77,213 

Oxygen 9,427 

Hydrogen 13,360 


100 . 

The analysis may be differently stated as follows : 

Carbon 77,213 

Oxygen and hydrogen in the> 
proportions to form water J 9 
Excess of hydrogen 12,075 


iOO. 

Olive oil, then probably consists of 

10 atoms of carbon ... 60 .... 76 

1 atom of oxygen ... 8 .... 10 

11 atoms of hydrogen . 11 .... 14 

79 100 

Or supposing each atom of carbon to be associated with 1 of 
hydrogen, it will contain 10 atoms of olefiant gas, + 1 atom of 
oxygen and 1 of hydrogen, the two latter probably constituting 
1 atom of water. Hence olive oil must contain nine-tenths of 
its weight of the elements of olefiant gas, in due proportions to 
form that aeriform compound. H. 2. 229. 

1885. The fixed oils have a singular property, which has led 
sometimes to serious accidents. When mixed with lampblack, 
or with any light kind of charcoal, and even with several vege- 
table substances, as cotton, wool, or flax, the mixture, after 
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some time, heats spontaneously, and at length bursts into flame. 
This combustion has sometimes been observed to take place in 
the waste cotton, employed to wipe the oil from machinery ; 
and has probably occasioned many of the dreadful fires, which 
have happened in cotton-mills, and for which no adequate cause 
could be assigned.* 


Section XI. Volatile Oils. 

1886. These oils are generally obtained by distilling the 
plants which afford them with water in common stills ; the 
waterand oil pass over together, and are collected in the Italian 
recipient shown in fig. 125. in which the water having reached 
the level a by runs off by the pipe c. and the oil being generally 
lighter than water, floats upon its surface in the space d. 
The whole contents of the recipient are then poured into a fun- 
nel, the tube of which is closed with the finger, and when the 
oil has collected upon the surface, the water is suffered to run 
from it, and the oil transferred into a bottle. The distilled 
water being saturated with the oil, should be retained for a 
repetition of the distillation. The produce of oil is sometimes 
increased, by adding salt to the water in the still, so as to ele- 
vate its boiling point a few degrees. 

Some of the volatile oils are obtained by expression, such as 
those of lemony orange , and Bergamot , which are contained 
in distinct vesicles in the rind of those fruits. 

4887. The volatile oils vary considerably in specific gravity, 
as will be seen by referring to the Tables . 

The volatile oils have a penetrating odour and taste, and are 
generally of a yellowish colour ; they are for the most part 
very soluble in alcohol, and very sparingly soluble in water; 
these solutions constitute perfumed essences and distilled 
waters . The latter are principally employed in pharmacy, and 
the former as perfumes. 

When pure they pass into vapour at a temperature some- 
what above that of 212°, but when distilled with water, they 
pass over at its boiling point. 'They are inflammable, and waiter 
and carbonic acid are the results of their perfect combustion. 
As many of these oils bear a very high price, they are not un- 
frequently adulterated with alcohol and fixed oils. The former 
addition is rendered evident by the action of water ; the latter 
by the greasy spot which they leave on papef, and which does 
not evaporate when gently heated. 

1888. The volatile oils absorb oxygen, when long exposed to 
it, and become thick and resinous. They also absorb chlorine. 
Nitric and sulphuric acids rapidly decompose the volatile oils : 

• Sm Quart Joar. r. Hi ' 


62 


How obUui- 
•d. 


Properties. 


Adulteration. 


Action of 
oxygen. 
Chlorine, Ac. 


Digitized by LjOOQle 


490 


CAMPHOR. 


a mixture of four parts of nitric, and one of sulphuric acid, 
£xp. poured into a small quantity of oil of turpentine, produces in- 
stant inflammation, and muriatic acid is produced, along with a 
peculiar substance, in some cases not unlike camphor. Iodine 
produces changes somewhat analogous. Muriatic acid combines 
with several of them, and forms a crystal! izable compound 
which has been compared to camphor. 

The relative quantity of essential oils, furnished from differ- 
ent materials* is liable to much variation ; the products of 1 cwt. 
of the different vegetable substances are given below.* 


Section XII. Camphor . 


Soluble in al- 
cohol. 


Specific £rav- 
ity. 


1889. This substance in many respects resembles the essen- 
tial oils ; like them it is volatile, inflammable, soluble in alco- 
hol, and sparingly soluble in water. 

In its ordinary state it is white, semi-transparent, and con- 
crete. Its specific gravity ,98. It fuses at about 300°, in close 
Action of oils, vessels. It dissolves in the fixed and volatile oils. It isscarce- 
ly acted upon by the alkalies ; some of the acids dissolve, others 
decompose it.t 

If mixed with bole or powdered clay, and repeatedly distil- 
led, it is almost entirely converted into a liquid, having the 
characters of essential oil. ' 

The camphor of commerce is obtained from the Lauras Cam - 
phora , and comes chiefly from Japan. It is originally separated 
by distillation, and subsequently purified in Europe in a sub- 
liming vessel somewhat of the shape of a turnip, from which 
the cakes of camphor derive their form. 

1890. When camphor is repeatedly distilled with nitric acid 
it is converted into camphoric acid . For this purpose four 
ounces of camphor, reduced to powder by triturating it with a 
few drops of spirit of wine, may be introduced into a two-quart 
tubulated retort, placed in a sand-heat : pour upon it 30 ounces 
of common nitric acid, and proceed to slow distillation. When 
two thirds of the acid have passed over, return it into the retort 
and distil as before, repeating the operation twice more ; after 
which, as the liquor cools, a quantity of crystals of camphoric 


Extraction. 


Action of ni- 
tric acid. 
Camphoric 
acid. 


* Juniper-berrirs (common) 

Ditto, (fine Italian) 

Aniseed (common) 

Ditto (finest) 

Caraway* 

Dili>s<red ...... 

Tlove* * • . • • 

Pimento 

Fennel-seed 

Leave* of the Junipervs Sabina 

t Hatchett, Phil. Trant. 1804. Chevreul, Jinnaltt it Chimit, Ixiiii. 


Ounces. 

. . 4 to 5 

. 1 to 8 

. S3 to 30 
36 to 38 
lbs. ox. lb*. ox. 
from 3 13 to 4 13 

from 3 to 3 6 

from 18 to 30 

from 2 to 3 4 

. 3 

14 
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acid are deposited, which are to be washed and dried. This 
acid assumes the form of plumose crystals, soluble in about 100 
parts of water at 60°, and in rather more than one part of alco- 
hol. Its taste is acid, and somewhat acrid, and it has an 
aromatic odour. Exposed to heat it sublimes unaltered. It 
combines with the salifiable bases, constituting a class of salts 
called Camphorates . 

1891. The ultimate analysis of camphor has been performed Analysis, 
by Dr Ure, who represents its constitution as follows : 

Carbon .... 10 atoms . . . . 60 . . . 78,02 

Oxygen ... 1 atom .... 8 . . . 10,40 

Hydrogen . . 9 atoms .... 9 ... 1 1 ,58 

77 * 100 

1892. When a current of muriatic acid gas is passed through Artificial 
oil of turpentine,* it deposits a concrete substance, which has c * m P hor - 
been called artificial camphor , and the weight of which 
amounts to about one-half of the oil employed. When purified 

by sublimation with a little quick-lime, it is rendered pure and 
white. It is lighter than water, sublimes without decomposi- 
tion, burns like camphor, and in smell resembles a mixture of 
camphor and turpenline.t By the action of zinc it affords chlo- 
ride of zinc, and the oil is evolved little altered. 

1893. Camphor dissolves in sulphuric acid, forming a brown 
solution, from which it is at first precipitated, unaltered, by 

water. Sulphurous acid is afterwards evolved, the solution Action of wi- 
becomes black and thick, and, after some days, affords a broAvn P huric 
coagulum on the addition of water, and smells fragrant and 
peculiar. On distilling the diluted liquor, water and a yellow 
oil pass over, a little sulphurous acid is then disengaged, and a 
black hiatter remains in the retort, which, when digested in 
alcohol, affords a portion of soluble matter having some of the 
properties of artificial tannin.}: 


Section XIII. Resins . 

1894. Resins are substances which exude from many trees, 
either from natural fissures or artificial wounds. Common resin 
is obtained by distilling the exudation of different species of fir ; 
oil of turpentine passes over, and the resin remains behind. 

It may be taken as a perfect example of resin, and is possessed 
of the following properties : It is solid, brittle, a little heavier pw 
than water, and acquires negative electricity when rubbed. It r ° r * rtic *’ 

* Theottd it of opfu.on that oo decomposition of the oil of turpentine takes place ; but that the 
muriatic acid unites to it entire. Ordinary camphor, he su^jojcs from analogy, to be a compound of 
■n essential oil and a vegetable acid. 

I Thenard, Memo ire* d'Arcueil, (Tom. ii ) 
t Hatchett, Phil. Tran*. IbOS. 


Digitized by LjOOQle 



492 


LAO. 


Balsams. 


Composition. 


Lae. 


Lacoic aeid. 


has scarcely any taste or smell ; is insoluble in water ; readily 
soluble in alcohol, which takes up about one-third its weight, 
and becomes milky npon the addition of water. Resin is solu- 
ble in the caustic alkalies, the solution is saponaceous, and when 
mixed with an acid, the resin separates, scarcely altered in its 
properties. Nitric, muriatic, and acetic acids dissolve it with- 
out much change.* 

1895. A few of the resins derive odour from containing 
essential oil ; some afford benzoic acid when heated, and these 
have been termed balsams ; copal , mastich , and a few others, 
are very difficultly soluble in alcohol, and contain a substance 
somewhat analogous to caoutchouc. Guaiacum is characterized 
by the singular changes of colour, which its alcoholic solution 
suffers when exposed to the action of nitric acid.t 

Guaiacum is also rendered blue by the gluten of wheat, but 
its colour is not changed by starch ; the intensity of the blue 
colour is said to be proportional to the quantity of gluten pre- 
sent in flour.J 

1896. There is a remarkable want of agreement between 
different statements of the composition of the same kind of 
resin, arising, probably, from actual differences of the substance 
itself. Dr Ure states the following as the results of his analy- 
sis. 

Carbon .... 75,00 = 8 atoms .... 48 

Oxygen . . . 12,50 = 1 do 8 

Hydrogen . . 12,50 = 8 do 8 

100 64 H. 2. 236. 

1897. Lac is a substance formed by an insect, and deposited 
on different species of trees chiefly in the Hast Indies* The 
various kinds of lac distinguished in commerce, are stick lac 9 
which is the substance in its natural state, investing the small 
twigs of the tree : seed-lac y which is the same broken off ; and 
which, when melted, is called shell-lac. These substances have 
been examined by Mr Hatchett* Their component parts are 
exhibited below. — Phil. Trans. 1804.§ 

1898. Dr John has announced the presence of a peculiar acid 
in stick-lac, which he has called Laccic Acid. The lac was 


• The properties of die retina here been very ably investigated by Mr Hatchett, the details of 
whoae researches will be found in hia communications to the Royal Society, printed in the Pkilosmpk- 
ical Transaction* for 1804, 1806, 1800. 
f Phil Trans. 1811. 

iTaddei, QiomaU d* Fisica , ». 168. Quarterly Journal, Hii. 376. 

Stick-Lac Seed-Lac 

$ Resin ... 68 


Colouring matter 
Wax 

Gluten . , . 
Foreign bodies 


10 

6 

6.5 

6.6 

4.0 


88.6 

8.5 

4.5 

8,0 

*3,6 

loo 


8hell.Lee. 

90,0 

0,6 

4.0 

9.8 


1*8 
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digested in water, the solution evaporated, and the residue 
digested in alcohol : the alcoholic solution was evaporated to 
dryness, and its residue digested in ether. The evaporation of 
the etheric solution leaves a yellow matter, which, being again 
dissolved in alcohol, and the solution mixed with water deposits 
a little resin, and leaves laccic acid in solution, which, upon the 
addition of acetate of lead, gives a precipitate of laccate of 
lead ; the latter compound, by cautious decomposition by sul- 
phuric acid, affords the laccic acid. 

1899. Laccic acid is crystallizable, of a yellow colour, a sour Properties, 
taste, and soluble in water, alcohol, and ether. With potassa, 

soda, and lime, it forms deliquescent soluble salts; with lead 
and mercury it produces white insoluble compounds ; it occa- 
sions no precipitate in the nitrates of baryta and silver.* 

1900. Gum Resins are natural combinations of gum and 
resin, they are consequently only partially soluble in water and 
in alcohol ; they readily dissolve in alkaline solutions when 
assisted by heat ; and the acids act upon them nearly as upon 
the resins. edmmonincum, gamboge , assafoetida , and oliba- 
num , may be taken as examples of gum resins. 

1901. Jimber is a substance which, in some of its properties, Amber, 
resembles resin ; it is however, very sparingly soluble in alco- 
hol, and difficultly soluble in the alkalies. When submitted to 
distillation, it furnishes an acid sublimate, which has received 

the name of succinic acid . 

1902. To prepare this acid, let a glass retort behalf filled Sucdmcadd. 
with powdered amber, and the remainder with fine dry sand. 

Lute a receiver, and apply a gentle heat. A portion of water 
first comes over, which is succeeded by a weak acetic acid. 

The succinic acid then sublimes ; but is contaminated by a mix- 
ture of oil. It may be purified by solution and crystallization; 
and it then forms transparent, white, shining crystals, having the 
form of triangular prisms. They are soluble in 24 times their 
weight of water, and in boiling alcohol. The solution reddens 
the bhie colour of turnsole, but not that of violets, and has an 
acid taste, H. — Ten pounds of amber yield about 3 ounces of 
purified succinic acid.t 

Berzelius states the composition of succinic acid as follows : Analysis. 

Hydrogen . . . 4,512 = 2 atoms .... 2 


Carbon .... 47,600 = 4 do. .... 24 
Oxygen . . . 47,888 = 3 do 24 

100t 50 H. 2. 238. 


1903. Succinic acid combines with the alkalies, &c. and forms s„co*hm. 
succinates , the most important of which is the succinate of 

* Thomson's System, ii. lfo. 

t Used in Pharmacy under the name of Oil of Atnitr and amounting ia weight to about 1-3 tho 
amber used. 

\ Ann. do Chim. 94, 189. 
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VEGETABLE ALKALIES. 


Use*. 

Virimhea. 


G«*n< rol 
|>rop« rtiei. 


Opium. 


ammonia . This salt decomposes all the solutions of iron ; and 
affords an insoluble precipitate, composed of succinate of iron, 
of a reddish brown colour. It has been proposed as a means of 
separating iron in analysis, but is quite inapplicable in the 
greater number of cases, B. 

1904. The resins are applied to a variety of useful purposes; 
and dissolved in alcohol and oils they constitute the different 
varnishes . The most solid resins yield the most durable var- 
nishes. 


Section XIV. Vegetable Alkalies. 

1905. The forces, which produce in living vegetables many 
acids, appear also to be capable of giving rise to a variety of 
alkaline substances, several of which have been discovered and 
identified during the few last years. So far as is yet known, 
the processes, by which they are obtained, effect nothing more, 
than their separation from the vegetables in which they exist 
ready formed. These vegetables are for the most part distin- 
guished by very powerful effects on the animal system, produ- 
ced, it should appear, by an alkaline ingredient peculiar to each 
species ; and it is probable that the active principles, thus de- 
tached, may hereafter become important instruments in the 
hands of the physician. It is chiefly from their habitudes of 
chemical combination, that these new substances are classed 
among alkalies, which they resemble in the power of neutraliz- 
ing acids, and of affording with them compounds analogous to 
the salts, which result from the union of acids with the alkaline 
substances that have been long known. They have all, how- 
ever, weaker affinities for acids, than belong to alkalies of the 
latter class ; and are destructible, both when separate and in 
combination, at low degrees of heat. At first they were distin- 
guished by names ending in ine, as morphine, strychnine, &c.; 
but, for the sake of conformity to the nomenclature of other 
alkalies, their names have since received a different termination. 

1906. Besides these alkalies of feeble energy, it has been dis- 
covered by Dr Peschier, of Geneva, that potassa, which had 
been long extracted from the ash£s of plants, elists ready form- 
ed in their juices, and may be obtained by agitating pure mag- 
nesia with the liquor obtained by pressure or decoction of any 
part of the vegetable, except its fruit. In most plants, the 
potassa is united with oxalic or tartaric acid, which form 
insoluble compounds with magnesia; but in borage, the po- 
tassa is combined with nitric acid, which magnesia has not 
the power of detaching from that alkali.* H. 2. 278. 

1907. Opium , and other vegetable products possessed of nar- 
cotic power, are composed of several of the vegetable principles 

* Aon of PbUos. xii. 336. 
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that have already been enumerated. Besides these, however, 
they contain a peculiar one, in which the narcotic virtue resides. 

Its preparation and chemical qualities have been investigated by 
Derosne, whose memoir is published in the 45th volume of the 
Annales de Chimie. 

To obtain the narcotic principle from opium by the process 
of Derosne, let water be digested upon it, and the strained solu- 
tion be evaporated to the consistence of sirup. A gritty pre- 
cipitate will begin to appear, which is considerably increased 
by diluting the liquid with water. This consists of three dis- 
tinct substances, resin, oxygenized extract, and the narcotic 
principle. Boiling alcohol dissolves the resin and narcotic 
principle only ; and the latter falls down in crystals, as the 
solution cools, still, however, coloured with resin. The crystals 
may be purified by repeated solutions and crystallizations. H. 

1908. Morphia may be obtained from powdered opium by Morphit> 
triturating it into a paste with dilute acetic acid : pour caustic 
ammonia into the filtered solution, and evaporate; during the 
evaporation a brownish substance separates, which, by digestion 

in a small quantity of cold alcohol, becomes nearly colourless, 
and is pure morphia.* 

1909. Morphia is sparingly soluble in water, but readily sol- p ropert ie.. 
uble in alcohol and in ether, from which it may be obtained in 
quadrangular and octo£dral crystals. It is highly poisonous 

and narcotic, even when administered in very small doses; it 
is fusible and combustible. It appears in some respects to pos* 
sess the properties of an alkali ; it reddens turmeric, and forms 
crystallizable compounds with the acids. 

1910. Its effects on the human body are those of a most vio- £ffcct 
lent poison* Three half grains, taken in succession with inter- 
vals of half an hour by the same person, produced violent 
vomitings and alarming faintings. H.t 

1911. In opium morphia is said to be combined with a 
peculiar acid, which has been called the meconic acid , and this 
combination is decomposed by the action of ammonia in the 
preparation of morphia. 

The following process is said to afford pure meconic acid : Mecomcacid. 
Boil infusion of opium with magnesia, and digest the precipitate 
in alcohol ; meconiate of magnesia remains : dissolve this in 
dilute sulphuric acid, and add muriate of baryta, a precipitate 
falls, composed of sulphate and meconiate of baryta ; digest 
this in dilute sulphuric acid, which decomposes the meconiate : 
filter and evaporate, till brown crystals of impure meconic acid 
are deposited ; dry these crystals, and then heat them carefully 
in a retort, to sublime the meconic acid. White crystals are 


* See another process by Dr Tbomsoo in Ann. Pkilot. xr. 470. 

f Tinctures of opium, it is obserred by Sertueroer, should be prepared with pure alcohol, and kept 
in a place which is not very cold ; fora low temperature precipitates morphia. The addition of a 
little acetic acid prevents this inconvenience. H. 
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Meconiate of 
Morphia. 


Strychnia. 


Salts of 


Sulphate. 


Ultra ta. 


thus obtained, which fuse at 250°, and sublime without decom- 
position ; they are sour, and very soluble in water and alcohol. 

1912. Meconiate of Morphia may be obtained by the fol- 
lowing process. Reduce good opium to powder, put it upon a 
paper filter, add distilled water to it, and slightly agitate it ; in 
this way wash it till the water passes through colourless ; then 
pass a little diluted alcohol through it; dry the insoluble portion 
m a dark place ; digest it in strong alcohol for a few minutes, 
applying heat; separate the solution, which, by cooling and sub- 
sequent evaporation, will yield the crystallized meconiate of a 
pale straw colour.* 

1913 MM. Pelletier and Caventou, in analyzing the bean of 
St. Ignatius ( Strychnos Ignatia) y and the vomica nut 
(Strychnos nux vomica) 9 discovered in them a peculiar princi- 
ple, which they have termed Strychnine , and which, like mor- 
phia, possesses alkaline properties. The following is their 
process for obtaining it : Digest the raspings of the bean in sul- 
puric ether, which separates a green oily fluid ; pour this off, 
and treat the residuum with alcohol; filter the latter solution 
when cold, and evaporate ; it leaves a brown bitter substance, 
soluble in water and alcohol ; to its strong aqueous solution add 
a solution of potassa, which causes a precipitate, which, when 
washed with a little cold water, is white, crystalline and very 
bitter. If not quite pure, it may be rendered so by solution in 
acetic acid, and precipitation by potassa. 

1914. Strychnine, or Strychnia , is nearly insoluble in water; 
it dissolves in alcohol, and the solutions are intensely bitter and 
poisonous. It reproduces the blue of vegetable colours reddened 
by acids. It crystallizes in small quadrangular prisms ; it has 
no smell ; and is neither fusible nor volatile, but is decomposed 
at about 600° into products consisting of oxygen, hydrogen, 
and carbon. 

1915. The Salts of Strychnia are decomposed by potassa, 
soda, ammonia, baryta, strontia, and magnesia, the base being 
thrown down ; most of the other metallic salts are decomposed 
by strychnia, and with some it forms, triple salts. 

1916. Sulphate of Strychnia forms cubic crystals, soluble 
in about 10 parts of water at 60° ; its taste is bitter, and it is 
decomposed by the alkalies. It consists of sulphuric acid 9,5 
strychnia 90,5. 

1917. Nitrate of Strychnia is formed by digesting excess of 
strychnia in very dilute nitric acid ; it yields stellated crystals, 
which acquire a red colour by the action of sulphuric acid. 
Nitric acid poured upon strychnia or its salts produces a deep 
red colour. 

1918. The discoverers of strychnia assert that it exists in the 
above-mentioned seeds, combined with a peculiar acid, some- 
what resembling the malic, but susceptible of crystallization ; 

• Dr Meneci. Quart. Jour, xl 
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they have called it Igasuric Acid y and the poisonous principle 
existing in the seeds, appears to be an igasurale of strychnia . 

1919. Brucia . This term has been applied to a peculiar 
alkaline substance, obtained from Angustura bark, by the ‘above- 
named chemists. Its properties, as far as they have been inves- 
tigated, are described in the Annates dt Chimie (xii. p. 113.) 
and in the Quarterly Journal of Science and the Arts (ix. 
189.) 

1920. Delphia is an alkaline principle, discovered by MM. 
Lassaigne and FeneuMe in the seeds of stavesacre ( Delphinium 
Staphysogria ). They obtained it by the following process : 
The seeds, deprived of their husks, were boiled in distilled 
water, the decoction filtered, boiled with a portion of pure mag- 
nesia, and re-filtered ; the residue upon the filter was (hen 
boiled with highly rectified alcohol, by which the ' alkali was 
separated and obtained by evaporation in the form of a white 
pulverulent substance. 

Delphia, when pure, appears crystalline in its moist state ; 
its taste is bitter and acrid ; when heated, it melts, and on cool- 
ing becomes brittle like resin ; it is sparingly solub/e in water, 
but readily soluble in alcohol and ether ; it renders the blue of 
violets green, and forpis very soluble salts with the acids, from 
which the alkalies precipitate delphia in a white gelatinous 
state.* 


Brucia. 


Delphia. 


Properties 


Section XV. Bitumens , coal , fyc. 

1921. Though bitumens, on account of their origin, are, with Bitumens 
more propriety, classed among mineral substances; yet, in 
chemical properties, they are more closely allied to the pro- 
ducts of the vegetable kingdom. Like vegetable substances in 
general, they burn in the open air, and with a degree of bright- 
ness that surpasses even that of resins. By distillation per sc , 
they yield a weak acetic acid, an empyreumatic oil, some 
ammonia, and a considerable quantity of carburetted hydrogen 

gas, with occasionally a small proportion of carbonic acid and 
sulphuretted hydrogen. They are neither soluble in water nor 
in alcohol, and in the latter respect they differ from resin. 

There can be little doubt that they have been formed originally 
by the decomposition of vegetables. 

1922. The bitumens have been divided inlo liquid and solid. 
Formerly it w^as supposed that the liquid bitumens had been 
derived, by a sort of natural distillation, from the solid ; but 
Mr Hatchett has rendered it more probable, that the solid bitu- 
mens result from the consolidation of the fluid ones. 

The bituminous substances are Naptha, Petroleum, Mineral 
Tar, Mineral Pitch, Asphatlum, Jet, Pit-Coal* Bituminous 

* Annalei de Chimie et Pfcjre. *fi. 368. 

63 


Digitized by LjOOQle 



498 


BITUMENS) COAL) &C. 


wood. Turf, and Peat. To these) some writers have added 
Amber and the Honey-Stone. 

a. Naptha is a pungent, odoriferous, oily liquid, either col- 
ourlesaor of a pale brown tint, found upon the borders of the 
Caspian Sea, and in certain springs in Italy. It is considerably 
lighter than water, volatile, and highly inflammable. When 
pure it appears to contain no oxygen, and hence is employed 
for the preservation of potassium, and the other highly oxidable 
metals. It consists, according to Saussure, of 

Carbon 87,21 

Hydrogen 12,79 

loo, 

86 88 

5 12 

41 100 H. 

b . Petroleum has most of the properties of naptha, but is 
Petroicm. less fluid, and darker coloured. In the countries where it 

abounds, it is employed for burning in lamps. 

c. Mineral Tar appears to be petroleuh further inspissated. 
It is more viscid, and of a deeper colour. 

d. Maltha , or Mineral Pitch , is a soft inflammable sub- 
stance, heavier than water, and may be considered as derived 
from the exsiccation of mineral tar. 

e . Asphaltum is found abundantly on the shores of the Dead 
4 *phaitaiiK Sea, in Albania, and in the island of Trinidad. Its colour is 

brown or black ; it is heavier than water, and readily soluble 
in naptha. 

/. Elastic Bitumen , or Mineral Caoutchouc , is found in 
the vicinity of Castleton, Eng. and at Southbury in the state 
of Connecticut.* It is fusible and inflammable. 

g. Mineral Adipocere is a fatty matter found in the argillaceous 
iron ore of Merthyr : it is fusible at about 160°, and inodorous 
when cold, but of a slight bituminous odour when heated, or 
after fusion. 

The above substances are insoluble in water, and difficultly 
soluble in alcohol, with the exception of naptha and petroleum, 
which are soluble in highly rectified alcohol. 

A. Retinasphaltum is a substance which accompanies the 
fUtiuipha)- Bovey Coal of Devonshire. It was first analyzed by Mr. 
Hatchett, who found it to consist of 
55 Resin. 

41 Asphaltum. 

4 Earthy matter and loss. 

t. Pit coal . There are three chemical varieties of this impor- 
Pit coc tant substance. The first, or brown coal f retains some remains 

• ioer. Joar. ri 9 TO.. 


This would indicate 

6 atoms of carbon . . 
5 “ “ hydrogen 


Naptha. 


Aaalysif. 
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of the vegetables from which it has originated. When heated 
it exhales a bituminous odour, and burns with a clear flame. It 
is generally of a tough consistency and yields according to Mr. 
Hatchett, a portion of unaltered vegetable extract, and resin. 

The second variety, or black coaly is the ordinary fuel of 
preat Britain. It exhibits no traces of vegetable origin, and 
consists principally of bitumen and charcoal, in variable propor- 
tions. When exposed to heat, it swells, softens, and burns 
with a bright flame, leaving a small quantity of ashes. Many 
varieties, however, abound in earthy matter, and these produce 
copious cinders, and burn with a less intense heat. 

The products of the destructive distillation of this kind of 
coal have been already described (693). The residue is a hard 
sonorous charcoal, termed coke , and containing the earthy 
ingredients of the coal. 

The third variety, glance coal or anthracite , consists almost 
entirely of charcoal, and earthy matter. 

It usually burns with little flame* and when submitted to dis- 
tillation yields no tar, and a sort of carburetted hydrogen gas. 

k. Peat and Turf consist principally of the remains of vege- 
tables, having undergone comparatively little change. They 
often contain bituminous wood, and branches and trunks of 
trees. 

/. Mellite, or Honeystone , is a rare substance, found in the 
brown coal of Thuringia and in Switzerland. It is of a honey 
yellow colour, crystallized in octoedra, and when analyzed by 
Klaproth, was found to consist of alumina combined with a 
peculiar body which has been called the mellitic acid.X 


Section XVI. Vegetable Acids. 

1923. The following are the principal acids, which are found 
ready formed in vegetable products : 

1. Pectic acid. 5. Malic acid. 

2. Tartaric acid. 6. Gallic acid. 

3. Oxalic acid. 7. Benzoic acid. 

4 . Citric acid. 

i. Pectic Acid. 

1924. This new acid has been discovered by M. H. Bracon- 
not and receives its name from nxr t* coagulum , in consequence 
of its resembling a jelly or gum. It is found in all vegetables; 
is sensibly acid, reddens turnsole paper, and is scarcely soluble 
in cold water, but more so in hot water. It is coagulated into 
a transparent and colourless jelly by alcohol, by all the metallic 

• The *atiira<nte of tbit coon try bunt with conti double flome, tee JSmer. Jour. x. 335. 
t KUporth’a Kutxy*, u. 99. VooqoeKn. AnntUt de Ciforr. xx*t i. ?03. 
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potations, by lime-water, water of baryta, the acids, muriate 
and sulphate of soda, nitre, &e. 

Bow obtain* 1935. It is easily obtained from all parts of plants. If roots 
containing starch be operated upon, such as those of cellery and 
carrot, they are to be reduced to pulp by rasping, the juice 
expressed, the residue boiled in water, slightly acidified with 
muriatjc acid, then washed, and afterwards heated with a very 
dilute solution of potassa or soda. A thick mucilaginous liquid 
results, slightly alkaline, from which muriatic acid separates 
the pectic acid in the form of an abundant jelly, which should 
then be well washed. 

Union with 1926. It forms a very soluble salt with potassa, which may 
poU, “‘ be obtained in the state of a transparent jelly, by adding weak 
alcohol, which removes the excess, of alkali and colouring mat- 
ter if there be any present. This jelly washed on a cloth with 
f lcoholized water, pressed and dried, is a neutral compound, 
which swells and dissolves in water, and leaves upon evapora- 
Pro parties* ^ Qn a transparent mass, resembling gum arabic. Its taste is 
insipid. Placed upon a plate of red hot iron it swells exces- 
si vely, leaving a deep brown residue soluble in water and having 
the character of ulmin united to potassa. Exposed to the flame 
of a taper, it burns, producing delicate filaments which project 
from the mass like vermicelli. These filaments fuse into 
globules of sub-carbonate of potassa. 

This salt has the remarkable effect of communicating to large 
masses of sugar and water the property of gelatinizing. M. 
Braconnot in this way prepared aromatised jellies, perfectly 
transparent and colourless and very agreeable to the taste and 
eye. 

Unite* with 1927. This acid forms with ammonia a soluble compound 
amnolu *' having similar properties to the foregoing.* 

ii. Tartaric Acid. 

1928. This acid exists in several vegetable substances; it is 
Mo<u of ob- one of the sour principles of many fruits, and is said to be 
uiaiof * abundant in the potato-apple. Tartaric acid is generally 
obtained from the bi-tartrate of potassa , (purified cream of 
tartar.) Mix 100 parts of this salt in fine powder with 30 of 
powdered chalk, and gradually throw the mixture into 10 times 
its weight of boiling water : when the liquor has cooled, pour 
the whole upon a linen strainer, and wash the white powder 
which remains with cold water: this is a tartrate of lime ; 
diffuse it through a sufficient quantity of water, add sulphuric 
acid equal in weight to the chalk employed, and occasionally 
stir the mixture during 24 hours ; then filter, and carefully 
evaporate the liquor to about one fourth its original bulk; filter 
again, and evaporate with much care nearly to dryness; re-dis- 

* Ann. de Chim. ixriii , 179, and Botton Jour. iii. 133. 
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solve the dry mass in about 6 times its weight of water, render 
it clear by filtration, evaporate slowly to the consistency of 
sirup, and set aside to crystallize. By two or three successive 
solutions and crystallizations, tartaric acid will be obtained in 
colourless crystals, soluble in 6 parts of water at 60°. Their 
primary form is an oblique rhombic prism.* 

1929. The crystals melt at a heat a little exceeding 212° into 
a fluid which boils at 25 0° and leaves a semi-transparent mass 
on cooling, slightly attractive of moisture from the air, though 
the original crystals were not deliquescent. They were found 
by Berzelius to consist of 


Real acid 88,75 ..... 100 

Water 11,25 12,7 


100, H. 2. 211. 

The aqueous solution of tartaric, in common with the other 
vegetable acids, soon becomes mouldy, and suffers decomposi- 
tion. 

1930. When tartaric acid is submitted to destructive distilla- p 7rotarUfWI |. 
tion, it affords a brown acid liquor which has been termed » cid * 
pyrotartarous acid . 

1931. According to Berzelius, the tartrate of lead , which is 
an insoluble salt, and easily formed by adding tartaric acid to a 
solution of nitrate of lead, consists of 


Tartaric acid 100 

Oxide of lead 167 


And regarding this salt as composed of 1 proportional of acid 
and 1 of oxide, we obtain the number 67,0 as the represents-' 
tive of tartaric acid, for 

167 : 100 : : 112 : 67,0 

1932. Tartaric acid combines with the metallic oxides, and Tartrtt<lu 
produces a class of salts called tartrates , the composition of 
which will be obvious from the preceding datum. . 

1933. Tartrate of ammonia forms very soluble prismatic 0famaoni ^ 
crystals, of a cooling taste. The addition of tartaric acid to its 
aqueous solution produces a precipitate of a difficultly soluble 
bi-tartrate of ammonia. 

1934. Tartrate of Potassa , (formerly soluble tartar) is ofpoUtw , 
formed by saturating the excess of acid in tartar , by potassa. 
According to Mr. Richard Phillips ( Remarks on the Pharma- 
copoeia ,) 100 parts of tartar require 43,5 of carbonate of potassa. 

The resulting salt is soluble in less than twice its weight- of 
water ; it crystallizes in four-sided prisms, and consists of 

1 proportional acid = 67. 

1 ...... • potassa .... = 4S. 

Tartrate of potassa . . , . . =115. 

* Brooke id Ann. Phil**. rL X. 8. 


Digitized by 


G°°g^ 



502 


TARTRATB Of SOSA. 


Bitartrate or 
crude tartar. 


Tartaric arid 
teat for potas- 


ceotaias wa- 
ter. 


Effect of heat 


Tartrate ef 

eeda. 


This salt is used in pharmacy as an aperient; it is th epotas* 
ese tartras of the Pharmacopoeia. Its taste is saline, and 
somewhat bitter. 

1935. Bi-tartrate , or Supertartrate of potassa. Tartar, 
This substance exists in considerable abundance in the juice of 
the grape, and is deposited in wine casks, in the form of a cyrv 
tallized incrustation ; called, argot or crude tartar . It is 
purified by solution and crystallization, which renders it per- 
fectly white: when in fine powder it is termed cream of tar - 
tat % 

It may also be formed by adding excess of tartaric acid tot 
solution of potassa. The mixture presently deposits crystal- 
line grains, and furnishes a striking example of the diminution 
of solubility by increase of acid in the salt. Upon this circum- 
stance the use of tartaric acid as a test for potassa depends, 
for soda forms an easily soluble supertartrate and consequently 
affords no precipitate. (898) 

Bi-tartrate of potassa is composed of 

2 proportionals of acid = 134 

1 proportional of potassa ....=* 48 


Bi-tartrate of potassa . . . • = 182 

1936. In the bi-tartrate, is also found a quantity of water 
which appears essential to the constitution of the salt ; for it 
cannot be separated by heat, without decomposing the acid. 
Its proportion is nearly that of an atom.* H. 

Bi-tartrate of potassa, it is observed by Gay-Lussac ,t acts, in 
many cases, like a simple acid, and even dissolves oxdies that 
are insoluble in the mineral acids and in the tartaric acid. He 
proposes its use, therefore, in mineral analysis. H. 

1937. When exposed to heat, tartar fuses, blackens, and is 
decomposed : and carbonate of potassa is the remaining result. 
Provided the tartar be free from lime, which however is sel- 
dom the case, this furnishes a good process for obtaining pure 
carbonate of potassa. The aqueous solution of tartar becomes 
mouldy when exposed to air, and the tartaric acid being entirely 
decomposed leaves a weak solution of carbonate of potassa. 

The component parts of tartar render it an excellent flux 
the reduction of metallic ores upon a small scale, its alkali pro- 
moting their fusion, and the carbonaceous matter tending to 
reduce the oxides. 

1938. Tartrate of Soda forms acicular crystals soluble in 
their own weight of water. Tartaric acid, added to their solu- 


• The destructive distillation of 1000 parts of bi-tartrate of potassa, fare the following iwrit*.* 1 


elusive of f aseous products, of acid, and charcoal. 

Pure dry aub-carbonato of potassa 
Tartrate of lime 

Silica ..... 

Alumina ...... 

Iron and manganese 


850 

e 

. . . .S . . 1.2 

• . . } . 0.25 

0.75 

Fonrcroy and Yauqoelin, Jinn. d» 


f Ann. de Chin, et Phys. iii* 381. 
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lion, forms a supertartrate of soda, much more soluble than 
the corresponding salt of potassa. 

1939. Tartrate qf Potassa and Soda is prepared by satu- --ofjjUM* 
rating the excess of acid in tartar, with carbonate of soda; it is 

the tartras poiassse et soda of the Pharmacopoeia ; it forms 
irregular prismatic crystals. It has long been used in pharma* 
cy under the name of Rochelle Salt and Set de Seignette . 
According to Vauquelin’s analysis* this salt consists of 54 tar* 
trate of potassa + 46 tartrate of soda per cent . .* these numbers 
agree with 

2 proportions of acid . . • as 134 

1 potassa . = 48 

1 soda • • • as 32 

214 -ofiraiul 

1940. Tartrate of Iron and Potassa. This is the Ferrum 
tariarisatum of the London Pharmacopoeia , but it is most 
conveniently employed as a medicine in solution, which may be 
formed by digesting 1 part of soft iron filings with 4 of tartar ; 
this mixture should be made into a thin paste with water, and 
digested for some weeks, till the acid is neutralized, fresh por- 
tions of water being occasionally added to prevent exsiccation. 

The solution of this compound which contains the iron in the 
state of peroxide, is possessed of some curious properties, first 
pointed out by Mr R. Phillips.t 

1941. Tartrate of Potassa and Copper is formed by boiling 
oxide of copper and tartar in water : the solution yields blue 
crystals on evaporation ; or if boiled to dryness, furnishes one 

of the pigments called Brunswick green. —of ***** 

1942. Tartrate of * Antimony and Potassa Emetic Tar - ®r •«*?•*•* 
tar. This compound may be obtained by boiling protoxide of 
antimony, obtained by any of the processes formerly described 
(1272) with pure supertartrate of potassa. It is the antimo- 

% 

• Fonrcroy** Connaistancts, vii. 340. 

f Experimental Examination of the London Pharmacopoeia, 99.J 

£ Tartrat* qf him* ii nearly insoloble in cold water, bat soluble in 000 parts of boiling water ; it is 
produced by adding chalk to tartar, as in the process for obtaining tartaric acid, where it is decom- 
posed by sulphuric acid. Tartrat* qf Potassa and him* may be formed by adding lime-water tn 
solution of supertartrate of potassa, till it begins to become turbid : in a few days acicnlar crystals of 
the above triple salt are deposited, which effloresce when exposed to air.— Tar fro<* of Strontia is 
thrown down o i mixing the solutions of tartrate of potassa and nitrate of stronda. It dissolves in rather 
more than 900 parts of boiling water, and forms small crystals as the solution cools— TartroT# qf Mag- 
asns is precipitated from the sulphate by tartaric acid: it it soluble in excess of tartaric acid, and 
forms a cryntallixable salt— Tartrat* qfMangan***. formed by dissolving protoxide of manganese in 
tartaric acid, is a soluble salt, and therefore not produced by adding tartaric acid or a neutral tartrate to 
protomuriate or protoeulphate of manganese. — Tartrat* of /rots.— Both the tartrates of iron are easily 
soluble, and no precipitate is formed by tartaric acid, or by tartrate of potassa, io solodons of iron.— 

Tartrat* qf Zinc is formed by adding tartrate of potassa to sulphate of nine, and appears to be a very 
difficultly soluble compound— -Tartrat* qf Tin. — Tartrate of potassa occasions a white precipitate in 
the pro lorn oriate and permuriate of tin. — Tartrat* qf Potassa and Tin is formed by boiling the oxide in 
solution of tartar; it is very soluble, and the addition of alkalies and tbeir carbonates occasion no pre- 
cipitates. Thenard, AnnaUs d* CMim xxxviii. — Tartrat s of Load is thrown down in the form of an 
insoluble white powder on adding tartaric acid to solution of nitrate of lead. — Tartrat* qf Potassa and 
Lead is formed, according to Thenard, by boiling a mixture of tartar and oxide of load in water. 

AnnaUs dt Chun, xxxvii. 
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nium tartarizatum of the London and U. 8. Pharmacy 
pcsise. 

Emetic tartar may be prepared by boiling a solution of 100 
SlZZteZ- parts of tartar with 100 parts of finely levigated glass of anti- 
mony, or of the protoxide described above (1272) ; the ebulli- 
tion should be continued for half an hour, and the filtered liquor 
evaporated to about half its bulk, and set aside to crystallize : 
ecloedral and tetraSdral crystals of the emetic salt are thus 
obtained ; and there is generally formed along with them a por- 
tion of tartrate of lime and potassa, which is deposited in small 
tufts of a radiated texture, and which may easily be separated 
when the mass is dried. 

Mr Phillips, in his Experimental Examination of the Lonr 
don Pharmacopoeia, has stated several facts respecting the 
formation of this salt, which will be found useful to the manu- 
facturer.* 

Emetic tartar is a white salt, slightly efflorescent, soluble in 
Brof«rtie». about 14 parts of cold and 2 parts of boiling water. It is de- 
composed by the alkalies, and when heated with ammonia, a 
portion of protoxide of antimony is thrown down, and a very 
soluble compound remains in the liquor. Sulphuretted hydro- 
gen and hydrosulphuret of ammonia produce orange-coloured 
precipitates in its solution. It is decomposed by bitter and 
astringent vegetable infusions, but they do not render it inactive 
as a medicine. In a late analysis Mr Phillips has shown that 


emetic tartar consists of 

Bi-tartrate of potassa (anhydrous) 49,25 

• Protoxide of antimony 43,35 

Water 7,40 


100 . 

And he considers it as composed of 1 atom of bi-tartrate of po- 
<tassa, 3 atoms of protoxide of antimony, and 3 atoms of water.t 

# iii. Oxalic Acid. 

1943. This acid is found in some fruits, and in considerable 
quantity in the juice of the Oxalis Jicttostlla , or wood-sorrel, 
and in the varieties of rkubarb.% It is most readily procured 
by the action of nitric acid upon sugar, and has hence been 
termed acid of sugar . 

It may be obtained by introducing into a retort 4 ounces of 
* nitric acid diluted with 2 of water and 1 ounce of white sugar; 

nitric oxide gas is copiously evolved, and when the sugar has 
dissolved, about one-third of the acid may be distilled over : the 
contents of the retort are then emptied into a shallow vessel, 

•Sen Bigelow's Sequel, 76. 

t Kif. 1st. 379. — For other tartrates, see Henry's Chemistry, ii. 216. 

t M. Brs con not has lately found it in great quantity in combination with lime, in mast epacics of 
lichens. See bis memoir in the Jinn, ds Chim . msviii. 318 and Quart. Jour. aim. 363. 
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and in the course of two or three days an abundant erop of 
white crystals is deposited, and, upon further evaporation of 
the irtother-liquor, a second portion is obtained. The whole 
crystalline produce is to be re-dissolved in water, and again 
crystallized, by which the pure acid is obtained. In this way 
sugar yields rather more than half its weight of oxalic acid. 

M. Uraconnot obtained oxalic acid by the following process 
from lichens. The lichen reduced to powder was boiled with 
carbonate of soda, the filtered liquor, was saturated with nitric 
acid, and acetate of lead was added, the precipitate was de- 
composed by sulphuric acid ; and, a nearly colourless solu- 
tion was obtained from which crystals of oxalic acid separated. 

Another portion was afterwards separated from the residue left 
by the carbonate of soda. 

1944. The same chemist has employed the following process ; Anoti»rp»»* 
100 parts of the pulverized lichen were boiled with 33 parts of ce## * 
sulphuric acid and a sufficient quantity of water, for half an 
hour, filtered to separate the sulphate of lime, and the liquid was 
carefully evaporated avoiding the reaction of the excess of sul- 

E huric acid on the oxalic acid. When cold it became crystal- 
ne, and by pressure in bibulous paper 17 parts of yellowish 
white oxalic acid were obtained, some still remaining dissolved.* 

1945. Oxalic acid has the form of an oblique rhombic prism, chwactn* 
The crystals are transparent, and of a very acid taste : they dis- 
solve in two parts of water at 60°, and in their own weight at 
212°. They are soluble, also, in boiling alcohol, and sparingly 
in ether. The crystals effloresce in the air ; and a red heat 
decomposes them. During distillation, a considerable quantity 
of inflammable gas is obtained, and a portion of the acid is sub- 
limed, unaltered, into the neck of the retort. 

1946. Oxalic acid is decomposed both by the oxides and chlo- DfOI>mpow * 
ride of gold, and in the former case with a disengagement of tgrjoid. 
carbonic acid.t 

1947. The crystals of oxalic acid are, according to Dr Thom- Con)po# ; ti(>n . 
sonj composed of 1 atom acid and 4 atoms of water. — From the 
results of its analysis, considered in connection with the propor- 
tions in which it combines with bases, it appears extremely 
probable that oxalic acid consists of 

Atom*. 

Carbon , . . 2 12 ... . 33,34 

Oxygen . . 3 24 ... . 66,66 


36 100. H. 2. 189. 

1948. This acid is a most virulent poison and from the Howdistin. 
resemblance which the crystals bear to those of Epsom salt, 
many fatal mistakes have arisen. The acid taste is in itself a 
sufficient mark of distinction ; or without tasting it, if a few 
drops of water be placed on a slip of the dark blue paper which 

• Ana. de Chin. ixriii. 319. t Ajm. de Chin, et Pbr#, *r. )*§. 

t First Prio. ii. 103. 

64 
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Test of lime. 


Oxalate of 
/ ammonia. 


-*-af potassa. 


Salt of Lem- 
an*. 


Quadroxalate 

•fpotawa. 


is commonly wrapped round sugar loaves, and a small quantity 
of the suspected crystal be added, if it be oxalic acid it will 
change the colour of the paper to a reddish brown. The solu- 
tion also of a small quantity of this acid in a tea-spoonful of 
water, will effervesce with a little scraped chalk or whiting. 
H. — When the acid has been swallowed copious draughts of 
lime water, or magnesia and water should be administered, and 
vomiting excited as speedily as possible. 

1949. Oxalic acid is a good test for detecting lime, which it 
separates from all other acids, unless they are present in excess. 

1950. Oxalate qf Ammonia is a very useful test of the 
presence of lime. It crystallizes in long prisms, of which 45 
parts require 1000 of water. Added to any soluble compound 
of lime this salt produces an insoluble oxalate qf lime. 

1951. Oxalate of Potassa forms flat oblique four-sided 
prisms, terminated by dihedral summits, the lateral edges of the 
prism being usually bevelled. Its taste is cooling and bitter. 
At 60° F. it requires about twice its weight of water for solu- 
tion. There is also a salt, formed of the same base and acid, but 
with a considerable excess of acid, called super-oxalate or bin- 
oxalate qf potassa. It forms small white parallelopipeds or 
rhomboids approaching to cubes. It has a pungent acid taste 
mixed with some bitterness. It requires for solution ten times 
its weight of water at 60°, and a still larger proportion of boil- 
ing water. It may either be formfed artificially, or obtained 
from the juice of the oxalis acetosella , or of the rumex acetosa . 
When procured in the latter mode, it is sold under the name of 
salt of sorrely or essentiql salt of lemons . The acid, which 
it contains is double that in the oxalate; or if we suppose 100 
parts of potassa, and denote the quantity necessary to convert it 
into oxalate by x , then 2 x will convert it into bin-oxalate. 

According to Berzelius, 100 parts of potassa are united, in 
the oxalate, with 76,58 parts of real oxalic acid, and in the 
binoxalate, of course, with 1 53, 1 6. Exclusively of water, which 
in the crystals of the oxalate, amounts to 17,31 per cent, they 
are composed as follows : 

Acid. Bate. 

Oxalate of potassa • • 43,37 .... 56,63 
Binoxalate of ditto • . 60,47 .... 39,53 

1953. Quadroxalate of Potassa may be composed by seve- 
ral methods.* It was formed by Dr Wollaston, by digesting 
the bin-oxalate in nitric or muriatic acid. The alkali is divided 
into two parts, one of which unites with the mineral acid, and 
the other half remains in combination with the oxalic acid. It 
forms beautiful crystals, which may be obtained pure by solu- 
tion and a second crystallization. 

If three parts by weight of the quadroxalate be decomposed 
by burning, and the alkali, which is thus disengaged, be mixed 
with a solution of one part of the crystallized salt, the latter is 

* See Berard, T9 Jinn, it Ckim. 271. 
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exactly neutralized. Hence the quadroxalate contains four times 
the ackl that exists in the oxalate. The analysis of this class of 
salts, from which Dr Wollaston (in the Phil. Trans, for 1808) 
drew a striking exemplification of the law of simple multiples 
diacovered by Mr Dalton, may be recapitulated as follows : 


Atom Atom* Equivalent 

of bate. of acid* Bate. Acid. Number. 

The oxalate consists of 1 + 1 ... 48 4- 36 = 84 composition. 

The binoxalate .... 1 + 2 ... 48 + 72 = 120 

The quadroxalate ... 1 -f 4 ... 48 + 144 = 192 


Estimating, therefore, from the weights of their atoms, 100 
of potassa should be united, in the oxalate, with 75 of acid ; in 
the binoxalate, with 150; and in the quadroxalate, with 300. 

H. 2. 189. 

1953. Oxalate of Lime . This compound is formed by add- 
ing oxalic acid or oxalate of ammonia to any solution of lime. 

It is insoluble in water, and in excess of oxalic acid, but dis- 
solves in muriatic and nitric acids : hence in testing acid solu- 
tions for lime by oxalic acid, or oxalate of ammonia, the excess 
of acid should be previously neutralized. This oxalate, dried in 
the temperature of 95° Dr Thomson finds is composed of 1 atom 
oxalic acid, 1 lime, and 2 atoms of water. — The anhydrous salt 
consists of 

Lime .... 1 atom ... 28 43,75 Composition. 

Oxalic acid* 1 ...... 36 ....... 56,25 

64 100* H. 

1954. The Oxalates of Strontia 9 Baryta , and Magnesia , 

are very nearly insoluble, and with most other metallic oxalates or strontu. 
may be formed by double decomposition. They consist re- 
spectively of one proportional of each of their components. 

1955. When black oxide of manganese and superoxalate of 
potassa are triturated together and moistened, carbonic acid is 
evolved ; and on adding more water, and filtering, a red solu- 
tion, containing oxalic acid, potassa, and deutoxide of manga- 
nese is obtained, which after a time becomes colourless, and a 
triple salt is formed, containing the protoxide of manganese. 

1956. Oxalate of Iron . The protoxalate crystallizes in 
green prisms, and may be formed either by digesting the metal, of 
or dissolving the protoxide in the acid. The peroxalate is 
thrown down from the permuriate or persulphate of iron, in the 
form of a difficultly soluble yellow powder, which is taken up 
again by excess of oxalic acid : hence the use of this acid in 
removing iron-moulds which it does without injuring the tex- 
ture of linen. 

1957. Oxalate of Copper and Ammonia . This and sev- ofCorper 
eral other triple oxalates of copper have been described by »oa ammonia. 
Vogel.t By digesting peroxalate of copper in a solution of 

*0**lmU Soda is sparlnflj soluble in water* and separates from its solution in snail crystalline 
'fmins. 

f Schweifger’s Jwumml, vii. 
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oxalate of ammonia and filtering, rhomboidal crystals were ob- 
tained on evaporation, which detonate when suddenly heated : 
when slowly heated they merely lose water and ammonia. 
From the analysis of this salt it evidently consists of 2 propor- 
tionals of oxalate of ammonia, 1 peroxalate of copper, and 6 
water. 

By digesting oxalate of copper in caustic ammonia, and pour- 
ing the solution thus obtained into a shallow basin, it deposits 
flat six-sided prisms of a blue colour, which effloresce on expo- 
sure to air. The undissolved portion of the oxalate also com- 
bines With ammonia, and produces another distinct compound.* 

iv. Citric Acid. 

195S. Citric acid is obtained by the following process from 
lemon or lime juice: 

Boil the expressed juice for a few minutes, and when cold, 
strain it through fine linen ; then add powdered chalk as long 
as it produces effervescence, heat the mixture, and strain it as 
before : a quantity of citrate of lime remains upon the strainer, 
which, having been washed with cold water, is to be put into a 
mixture of sulphuric acid with 20 parts of water : the propor- 
tion of acid may be about equal to that of the chalk employed. 
In the course of 24 hours the citrate of lime will have suffered 
decomposition, and sulphate of lime is formed, which is sepa- 
rated by filtration. The filtered liquor, by careful evaporation, 
as directed for tartaric acid, furnishes crystallized citric acid. 

The preparation of this acid is carried on by a few manufac- 
turers upon an extensive scale ; in different states of purity it is 
employed by the calico-printers, and used for domestic con- 
sumption. Many circumstances which have not here been 
alluded to, are requisite to ensure complete success in the ope- 
ration ; these have been fully described by Mr Parkes, in the 
third volume of his Chemical Essays. The proportion of 
citric acid afforded by a gallon of good lemon-juice, is about 8 
ounces. 

* Oxalate of Zinc is formed by adding oxalic acid to a soluble salt of xinc : it is a white powder, 
nearly insoluble. — Oxalate if Tin is formed, according to Bergman, by digesting the metal in the 
acid : the solution, slowly evaporated, gives prismatic crystals.— Oxalate of Copper. Oxalic acid 
pxidixes and dissolves copper. When oxalic acid is added to persulphate or pernitrate of copper, a 
difficultly soluble peroxalate of copper is thrown down. — Oxalate if Copper and Potasea is obtained 
by digesting percarbonate of copper in solution of binoialate of potassa. Acicular and rhomboids! 
crystals are formed, which Vogel considers as two distinct salts — Oxalate if Lead is thrown down ia 
crystalline grains on adding oxalic acid to nitrate of lead. — Oxalate of BitmutJk is deposited in crys- 
talline grains, when solution of oxalic acid is dropped into nitrate of bismuth. — Oxalate of Cobalt is 

an insoluble red powder, precipitated by oxalic acid from solutions of cobalt Oxalate of Jacket is 

thrown down from the nitrate in the form of an insoluble green powder. — Oxalate if Mercury is pre- 
cipitated from the nitrate by oxalic acid. It is scarcely soluble, and detonates, when heated (he 
late if Silver is an insoluble white powder, which blackens by exposure to light It is precipitated 
on adding oxalic acid to nitrate of silver, and is soluble in nitric acid.— Oxalate qfJllutnina is easily 
formed by dissolving the newly precipitated earth in oxalic acid i it does not erystallixe. bat afiordt 
on evaporation a gelatinous mass, which deliquesces on exposure. 

For other oxalates see Henry's Chemistry, ii. 193 . 
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1959. Citric acid forms crystals of a very sour taste, soluble ch meter*, 
in their own weight of water at 60°, and containing, according 
to Berzelius, 79 (1 atom) real acid + 21 (2 atoms) water, a por- 
tion of which it loses by exposure to heat. The analysis of 
this, as well as of the other vegetable acids given by Berzelius, 
differs considerably from that of Gay-Lussac and Thenard, in 
consequence, as it would appear, of the latter chemist having 
neglected the exclusion of water of crystallization. Berzelius 
gives its constituents as follow : 


Oxygen 54,831 campowtioi. 

Hydrogen 3,800 

Carbon 41,369 


100,000 

1960. From the analysis of citrate of lead, the representative 

number of citric acid appears to be a number which closely cor- 
responds with Berzelius’s estimate of its constitution, which is 

4 Proportionals of oxygen . . 8 x 4 = 32 . . . 55,17 

2 hydrogen . 1 x 2 = 2 . . . 3,45 

4 carbon . . 6 x 4 = 24 . . . 41,38 

58 100. 

The number 58, therefore, may be adopted. 

1961. Citrate of Potassa is very soluble, deliquescent, and # 
difficultly crystallizable. It is much used in medicine as a mild CltnU * 
diaphoretic, and is the Salt of Riverius of old pharmacy. 

1962. Citrate of Soda is difficultly crystallizable in hexae- ofSodfc 
dral tables, of a saline flavour, and soluble in somewhat less 
than two parts of cold water. 

1963. Citrate of Lime has been adverted to in the prepara- Gf Lime . 
tion of citric acid. It is nearly tasteless, and scarcely soluble 

in water, but readily soluble in solution of citric acid : when 
moistened it soon grows mouldy if exposed to air. It consists 
of 1 proportional acid, and 1 lime. 

The remaining citrates are of little importance. 

v. Malic Acid. 

1964. The existence of a peculiar acid in the juice of apples, m ^ 
was shown by Scheele, in 1785. He obtained it by adding t»io«A* 
solution of acetate of lead to the expressed juice of unripe apples, 

by which a malate of lead was formed, and afterwards decom- 
posed by sulphuric acid. Vauquelin obtained it by a similar 
process from the juice of the house-leek. The same acid exists, 
according to Braconnot, in the berries of the mountain-ash , 
from which it was first obtained by Mr Donovan in 1815, and 
called by him sorbic acid ; the apparent differences between the 
malic and sorbic acids, are referable to the impurities of the for- 
mer. Mr Donovan has given the following process for its pre- 
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GALLIC ACID. 


PrtetH. 


Properties. 


’Sorbic acid. 


Haw obtain- 
ed. 


paration.* Express the juice of the ripe berries, and add solution 
of acetate of lead, filter, and wash the precipitate with cold 
water, then pour boiling water upon the filter, and allow it to 
pass through the precipitate into glass jars ; after some hours 
crystals are deposited, which are to be boiled with 2,3 times their 
weight of sulphuric acid, specific gravity 1,090. The clear 
liquor is to be poured off, and, while still hot, a stream of sul- 
phuretted hydrogen is to be passed through it, to precipitate the 
remaining lead ; the liquid is then filtered, and when boiled so 
as to expel the sulphuretted hydrogen, is a solution of the pure 
vegetable acid. 

Malic acid may also be obtained*by steeping sheet-lead in the 
juice of apples ; in a few days, crystals of maiate of lead form, 
which may be collected and decomposed by the very careful 
addition of dilute sulphuric acid. 

1965. Malic acid, when carefully prepared, is a colourless 
liquid, very sour, and not susceptible of crystallization. It 
forms crystallizable salts with many of the metallic oxides, 
which, however, have scarcely been examined with such pre- 
cision as to enable us to determine the representative number of 
malic acid. A detailed account of what is known respecting 
them will be found in M. Braconnot’s Memoir.t His analysis 
of the crystallized maiate of lead gives its composition thus : 

Acid 100, 

Oxide of lead 157,4 

1966. The sorbic acid, which may now be considered as 
identical with the malic, was analyzed by Vauquelin, by com- 
bustion with oxide of copper, and its composition is stated to be 


Carbon 


Oxygen 


Hydrogen . . . . , 



100 , 

These results indicate 

3 atoms of carbon . . . 18 .... 30, 

4 ditto of oxygen . . 32 . . . • 53,33 

10 ditto of hydrogen . 10 . . . • 16,67 


60 100. H. 2. 208. 

vi. Gallic Acid. 

1967. This acid derives its name from the gall-nut , whence 
it was first procured by Scheele. It may be obtained by the 
following process. 

Digest bruised galls in boiling water, with about one-sixth 
their weighs of vellum cuttings, for some hours ; then allow the 

• Phil. Trass. 1116. f Aaoaiw do Cfcia. at Pb y%. *1. 
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mixture to cool, and filter it. Add to the filtered liquor a solu- 
tion of acetate of lead, as long as it occasions any precipitate ; 
pour the whole upon a filter, wash the precipitate with warm 
water, and digest it in very dilute sulphuric acid ; filter, and 
having saturated the clear liquor with chalk, evaporate to dry- 
ness. Introduce the dry mass into a retort placed in a sand- 
bath, and upon the application of heat a portion of water will 
first rise, and afterwards a crystalline sublimate of gallic acid. 

1968. There are many other processes for obtaining this acid, 
among which the following deserve notice: Moisten bruised 
gall-nuts, and expose them for four or five weeks, to a tempera- 
ture of about 80°. A mouldy paste is formed, which is to be 
squeezed dry, and digested in boiling water ; it then affords a 
solution of gallic acid, which may be whitened by animal char- 
coal, and which, on evaporation, yields gallic acid, crystallized 
in white needles.* 

Boil an ounce of powdered galls in 16 ounces of water down 
to 8, and strain; dissolve 2 ounces of alum in water, precipitate 
the alumina by carbonate of potassa, and, after edulcorating it, 
stir it into the decoction ; the next day filter the mixture ; wash 
the precipitate with warm water, till this will no longer blacken 
sulphate of iron ; mix the washing with the filtered liquor, 
evaporate, and the gallic acid will be obtained in acicular crys- 
tals.t 

1969. Gallic acid, when pure, is in whitish crystals, of a sour 
taste, and which exhale a peculiar smell when heated. It dis- 
solves in about 10 parts of water at 60°, and in 2 parts at 212°. 
It is also soluble in alcohol and in ether. When repeatedly 
sublimed, this acid is altered and in part decomposed. It con- 
sists, according to Berzelius^ of 

Hydrogen 5,00 

Carbon 56,64 

Oxygen 38,36 


100,00 

These proportions give the number 63, as the representa- 
tive of gallic acid.§ 

1970. The combinations of pure gallic acid with metallic 
bases have scarcely been examined, and consequently we have 
no accurate chemical history of the gallates . Their solutions 
are all very prone to decomposition, and acquire a deep brown 
colour. This acid forms no precipitate in solutions of potassa 
or of soda, but when dropped into lime-water, baryta-water, 
or strontia-water, it occasions the separation of a difficultly solu- 

* Braeonaot, Ann mlet do Ckim. ot Phyt. Is. 111. f Fedler, Urt’i Dictionary. 

{ Annals of Philosophy, rol. r. 

4 Or, Carbon . . . 6 atoms 3® 57,14 

Omjren ... 3 34 31.10 

Hydrogen . • 3 3 4,74 

•3 100. K. 


Other 

processes. 


Properties. 


OolUtei. 
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BENZOIC ACID* 


Ink. 


ble gallate of those earths. It also causes a precipitate in solu- 
tions of zirconia, glucina, and yttria. 

1971. When an infusion of galls is added to certain metallic 
solutions, it forms precipitates composed of tannin, gallic acid, 
and the metallic oxide, and as these are often of different col- 
ours, the infusion is employed as a test for such metals. For 
the colours of the precipitates, see Tables . 

1972. Of these compounds, the tanno-gallate of iron is of 
the most importance, as forming the basis of writing ink, and of 
black dyes. 

When an infusion of galls is dropped into a solution of sul- 
phate of iron, it produces a deep purple precipitate, which is a 
very long time iu subsiding; it becomes black by exposure to 
air. In writing ink, this precipitate is retained in suspension 
by mucilage, and the following proportions appear the best 
which can be used. 

Finely bruised gulls, 3 ounces I Gum arabic, of each 1 ounce 

Green vitriol (protosulphate of iron) I Vinegar, 1 quart 

Logwood shavings | 

Put these ingredients into a bottle, and agitate them occa- 
sionally during twelve or fourteen days ; then allow the coarser 
parts to settle, and pour off the ink for use. 

The tendency of ink to become mouldy is much diminished 
by keeping a few cloves in the ink bottle, or by dissolving in 
each pint of the ink about three grains of corrosive sublimate. 

The colour of common writing ink is apt to fade, in conse- 
quence of the decomposition of its vegetable matter ; and when 
thus illegible, it may often be restored by washing the writing 
with vinegar, and subsequently with infusion of galls. Acids 
also destroy its colouring matter, and those inks which resist 
their action contain some other colouring principle, usually 
finely powdered charcoal. Common writing ink is, for this 
reason, much improved by dissolving in the quantity above- 
mentioned about an ounce of Indian Ink , which is lamp-black 
made into a cake with isinglass.* 

In dyeing black the stuff is first impregnated with a solution 
of the gall-nut, and afterwards the colour is brought out by the 
application of sulphate or acetate of iron. (1855.)t 

vii. Benzoic Acid. 

1973. Benzoic acid may be obtained by sublimation from 
benzoin , which is a resinous exudation from the Styrax benzot 
of Sumatra ; it also exists in the Balsam of Peru and of Tolu. 

* See Dr Macculloch on Indelible Ink, dee. Brewster’* Jour. i. 318, and Bost. Jour. u. 344. 

f Upon these subjects much valuable information will be found in Lewis's Pkilotophicnl Cemmcrcr 
of the Art*, and in Aikin's Dictionary . 

In the Philo*. Tran*, for 18H Mr Braude lias described the properties of a species of galls fros 
China; which furnish very pure gallic acid, and which, could they be abundantly obtained, wodd 
certainly prove a valuable substitute for common galls, in many of the processes in which they are 
Employed, 
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If these substances be heated in a crucible, with a cone of paper 
attached to its mouth, the acid condenses in it, in fine acicular 
crystals which were formerly called flowers of benzoin . A good 
process for procuring this acid is that recommended by Mr 
Hatchett which consists in digesting benzoin in sulphuric acid, 
when it affords a copious sublimate of pure benzoic acid.* It 
may also be obtained by boiling a pound and a half of powdered 
benzoin with 4 ounces of quicklime, in 6 or 8 quarts of water. 
When cold the clear liquor is decanted, and the residuum 
again boiled in half the former quantity of water. The liquors 
thus obtained are boiled down to half their bulk, filtered, and 
mixed with muriatic acid, as long as it occasions a precipitate, 
from which the liquor is poured off, and when dry it is put into 
an earthen vessel, plaeed in a sand heat, and sublimed into paper 
cones.t 

1974. Benzoic acid, when it has been thus sublimed, is in 
the form of soft feathery crystals, and of an acrid and slightly 
sour taste, soluble in about 30 parts of boiling water, and very 
sparingly soluble in cold water. It is much more soluble in 
alcohol, and this solution easily furnishes it in prismatic crys- 
tals. 

1975. Berzelius’s analysis gives the following as the compo- 
nents of this acid, and of the benzoate of lead : 


Hydrogen . • • 5,16 

Carbon 74,41 

Oxygen •••••••*•••• 20,43 


Benzoic acid 
Protoxide of lead 


100 , 00 . 

'SeiH 93 ’ 6 - H * 


On the supposition, that neutral benzoate of lead contains an 
atom of each ingredient, the equivalent of benzoic acid is 1 19,64, 
or in whole numbers, 120. 

Dr Ure by saturating the acid with ammonia, deduced 116 
as the equivalent of benzoic acid. 

1976. The compounds which this acid forms with alkaline 

and earthy bases are called benzoates ; they have been describ- 
ed in the Philosophical Magazine , vol. xl. and Jinn, de Chim. 
yol. ix.J , 

Besides the vegetable acids which have now been described, 
there are a few others of considerably inferior interest and 
importance ; namely, the 

1977. Moroxylic acid, discovered by Klaproth, in the bark 
of the morus alba , or white mulberry. § An exudation was 
observed upon this bark, which proved to be a compound of a 


* Additional Experiments on Tannin, PIUL Trams. 1808. 

f la the tenth volume of Nicholson's Journal, Mr Brando has detailed several experiments on 
benzoin, and has shown the relative quantity of add afforded by the several processes which have 
been recommeoded for obtaining it 

t See also Henry, ii. 830. 4 Nicholson's Journal , vli. 
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ZUUIC ACID. 


toletic. 


Fannie. 

Kinic. 


Zumic. 


peculiar acid and lime, or a moroxylale of lime; its solution 
was decomposed by acetate of lead, and the moroxylate of lead 
thus obtained decomposed by 'dilute sulphuric acid, furnished a 
solution of moroxylic acid, which gave acicular crystals on 
evaporation. This acid has the taste of succinic acid ; it is solu- 
ble in water and alcohol, sftid does not, like some of its salts, 
form precipitates in metallic solutions. The quantity of this 
acid examined by Klaproth, was so small as to leave some doubt 
respecting its distinct nature. 

1 978. Boletic acid was obtained by Braconnot from the boletus 
pseudoignarius* by cautiously evaporating its expressed juice 
to*the thickness of sirup, digesting it in alcohol, dissolving the 
residue in water, and adding nitrate of lead to the aqueous solu- 
tion ; the precipitate washed and diffused through water, was 
decomposed by sulphuretted hydrogen ; the liquor was then 
filtered and evaporated till it formed crystals, which were puri- 
fied by solution in alcohol and evaporation. These crystals are 
boletic acid; they are prismatic, and require 180 parts of water 
at 68°, and 45 of alcohol for their solution, which reddens 
blues and precipitates nitrate of lead, and the salts containing 
the peroxide, but not those of the protoxide of iron. This acid 
sublimes with little alteration, when heated. Braconnot has 
examined the boletatesof ammonia , potassa , lime 9 and baryta , 
but his researches have not as yet been confirmed by any other 
chemist.t 

1979. Fungic acid was procured by the same chemist from 
the boletus juglandis, and some other fungi ; it is deliquescent 
and uncrystallizable.J 

1980. Kinic acid^ was discovered by Vauquelin, in Cincho- 
na . When a strong cold infusion of this bark is set aside, crys- 
tals of Innate of lime are sparingly deposited by it, which may 
be decomposed by oxalic acid. The kinic acid is crystalliza- 
ble, sour, and bitter : the kinates are for the most part soluble 
salts : it is chiefly distinguished by forming no precipitate in 
solutions of lead and silver* || 

1981. In the astringent root of the Krameria triandra 9 M. 
Peschier has announced the existence of what he considers as 
a distinct substance, which he calls krameric acid. T 

1982. M. Braconnot has given the term Ellagic acid (from 
the word galle reversed) to an acid body which he has detect- 
ed along with gallic acid, in infusion of galls, but its characters 
have been but imperfectly ascertained. 

1983. Zumic acid was discovered by the same chemist in 
vegetable substances, which have undergone acetous fermenta- 
tion.** 


* Ann. de Chim. lux. f Thomson's System, 6th edit. ii. 157. 

| Ann. de Chim. Ixxxvii. 

$ Mr Brmnde proposes the term qinckonic acid ns preferable. Man. of Phar. 64* 

]t Ann. de Chim. lix. f Journal de Phnrmacie, vi. 

** Thomson’s System, rol. ii. p. 189. 
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Section XVII. Of the Parts of Plants .' 

1984. In the preceding Sections the principal proximate com- 
ponent of vegetables have been described, and tbe composition 
of some of their detached parts has been adverted to ; such of 
these as have not been previously noticed and as have been 
examined with any degree of precision, remain to be described 
in this Section under the heads of 

Roots. Seeds. 

Barks. Fruits. 

Woods. Bulbs. 

, Leaves. Lichens. 

Flowers. Fungi. 


i. Roots. 


1985. a. Ipecacuanha . This root is the produce of the C#/- f 
licocca Ipecacuanha .* It has been examined by M. M. Pelle- I *** cu “ ' 
tier and Majendie, and an account of their researches is publish- 
ed by M. Robiquet, in the 'jinnales de Chimie et Phys . iv. 

17*. 100 parts of this root deprived of the woody fibre which 

traverses its centre afforded 


Fatly matter • 8 

Emetiue 14 

Gum 16 

Starch . 18 


Woody fibre . . t . . 48 
A trace of wax .... 

Loss • 8 

100 


The means of separating the emetic principle have already 
been described. (1837.) 

1986. b . Valerian , the root of the Valeriana officinalis , Valeria, 
has been examined by Trommsdorf.t The recent root loses 
about three-fourths its weight in drying. It affords, when dis- 
tilled with water, an aromatic volatile oil; it also contains 
starch, gum, resin, and extractive. 

J987. c. Turmeric is the root of the Curcuma longa , a Termer*, 
plant cultivated in the East Indies, and used as a condiment, 
especially in Curry powder . Digested in water or alcohol, it 
furnishes a large proportion of yellow colouring matter, which 
would be very useful to the dyer, could it be rendered perma- 
nent. Most of the acids render it paler, and the alkalies 
change it to a deep brick-red ; hence its use as a test of the 
presence of alkaline matter. It is also reddened by boracic 
acid, and by muriatic acid gas. 

1988. d. Madder is the root of the Rubia Tinctorum , and Maddcr# 
is an article of great importance in dyeing; it grows wild in 
most parts of the south of Europe, and is largely cultivated in 
some parts of Holland and the Levant ; its red colour is apt to 
be injured by drying, a process requiring much caution. Good 
maduer has a strong and peculiar smell ; it exhibits, when cut, 


* Linascao Timm. \i. 


t Aon. de C'himie, In. 
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BARK8. 


Rknbatfc. 


Liqoorieo. 


Jalap. 


Gentian. 


Cinchona 


a cortical and a woody part of a red colour, intermixed in the 
former with yellow spots. The red portion is most soluble.* 

1989. e. Rhubarb is the root of the Rheum palmatum, 
largely cultivated in the northern parts. of China; its colour is 
brown, with streaks of red and white. The following are the 
component parts, separable from the finest kinds of Turkey 
rhubarb.t 


Water 3,® Phosphate of lime • . . 2,0 

Gum 31,0 Malate of lime . • • • 6,5 

Resin • . . 10,0 Woody fibre 16,3 

Extract, tan, and gallic acid 26,0 

1990. Liquorice , the root of the Glycyrrhiza glabra, has 
been examined by M. Robiquet, who found in it the following 
substances. $ 


▼. An acrid oil. 

vi. A crystallizable substance re- 

sembling asparagin. 

vii. Woody fibre. 


i. Starch. 

ii. Gluten. 

iii. Liquorice sugar. 

iv. Phosphate and malate of lime | 

and magnesia. 

The sugar is soluble in water and in alcohpl, but not con- 
vertible into alcohol by fermentation ; nor into oxalic acid by 
the action of nitric acid. 

1991. Jalap, the root of the Convolvulus Jalappa, is em- 
ployed in medicine as a cathartic. It is imported from South 
America. It has not been submitted to any accurate chemical 
analysis, but its activity is generally regarded as chiefly resi- 
dent in its resin. The finest and densest jalap affords about 12 
per cent, of resin, when digested in alcohol ; water takes up 
about 30 or 35 per cent of the remainder, and the residue ap- 
pears to be inert woody fibre. 

1992. Gentian is the root of the Gentiana lutea ; according 
to Mr Henry§ it contains the following substances : 

I. A substance resembling bird-lime. 

ii. A resin combined with an oil, which gives to gentian its peculiar odour. 

iii. A bitter extractive principle. 

iv. Gum and colouring matter. 

v. Phosphate of lime. 


ii. Barks. 


1993. a. Cinchona . The varieties of Peruvian bark have 
been examined by M. M. Pelletier and Caventou. In the cin- 
chona land folia, or pale bark , they found the following con- 
stituent parts : 


i. Cinchouia, combined with kinic 

acid. 

ii. Green fatty matter. 

iii. Red and yellow colouring mat- 

ter. 


iv. Tannin. 

v. Kinate of lime. 

vi. Gum. 

vii. Starch. 

viii. Lignin. 


* Aikin’i Dictionary . Art. Dyeing. Berthollet, Elcm <U Teinture, ii. 
f Brande, Quarterly Journal of Science and the Arte, s. 901. 

X Ann. de Chan, lxn; $ Annals of Philosophy, sri 89. 
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1994. Cinchonia may be obtained by the following process, cineboou, 
A )>ound of pale bark ( cinchona lancifolia) bruised small, is to ^ 0bUl0 ‘ 
be boiled for a quarter of an hour in three pints of a very dilute 
solution of pure potassa. The liquid, after being suffered to 

cool, is then to be strained through a fine cloth with pres- 
sure, and the residuum repeatedly washed and pressed. The 
bark, thus washed, is to be slightly heated in a sufficient quan- 
tity of water, adding muriatic acid gradually until litmus paper 
is slightly reddened. When the liquid is raised nearly to the 
boiling point, it is to be strained, and the cinchona again press- 
ed. To the strained liquor, while hot, add an ounce of sulphate 
of magnesia, and after this add solution of potassa, till it ceases 
to occasion any precipitate. When the liquor is cold, collect 
the precipitate on a filter, wash and dry it, and dissolve it in 
hot alcohol. On evaporation of the alcohol, the cinchonia crys- 
tallizes in delicate prisms. 

1995. Cinchonia thus obtained is white, translucent, crystal- Properties, 
line, and soluble in 2500 times its weight of boiling water, but 

a considerable part separates on cooling. Its taste is bitter, 
though long in being developed, owing to its insolubility ; 
but its acid solutions have a' strong taste of Peruvian bark. 

It is neither fusible nor volatile at moderate temperatures. It 
is very soluble in alcohol and ether, and Sparingly so in fixed 
and volatile oils. 

1996. Cinchonia restores the colour of litmus, which has been 
reddened by an acid ; unites with all the acids ; and, with the 
greater number, forms compounds which are perfectly neutral. 

The sulphate is very soluble, has an intensely bitter taste, and 
crystallizes in four-sided prisms. The muriate is still more 
soluble in water than the sulphate; dissolves in alcohol ; and 
crystallizes in delicate prisms. The nitrate is not cry stall iza- * 
ble. The oxalate, tartrate, and gallate of cinchonia are insolu- 
ble. Hence it is that infusion of galls precipitates the decoction 
of cinchonia.* H. 2. 287. 

1997. In the yellow bark ( cinchona cordifolia) M. M. Pel- ^ uinia . 
letier and Caventou discovered a salifiable base, which is term- 
ed Quinia. It may be prepared by a process similar to that 
above described for the preparation of cinchonia. When dried 

it is a white porous mass, incapable of crystallization ; in water 
it is as insoluble as cinchonia but is much more bitter ; it is 
however, very soluble in ether. Quinia is distinguished from 
cinchonia, by its smaller capacity of saturation, 360 parts of it 
being required to neutralize the same quantity of acid as 315 of 
cinchonia. 

1998. Sulphate of Quinia. This salt is considered as the Sulphate 
most active form of the salifiable principle of bark and may be 

* See Ann. de Cbun. et Phys. it. 289, 337; xvii. 273, 316 ; end Ann. of Philos. N. S. ii. 316. f H. 2* 

t JVitratt of Cinchonia appears to be oocrystallutable. Gallic, oxalic, and tartaric acids form 
difficultly soluble salts with cinchonia ; the precipitate occasioned by dropping tine tare of gulis into 
infusion of pale bark \ikjaUaU of Cinehoni*. 
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prepared by the following process of M. Henry. The bark is 
reduced to powder, and boiled twice for about a quarter or half, 
an hour in 14 or 15 pints of water, two ounces of sulphuric acid 
being added to it each time. The decoctions contain the sul- 
phate of quinia, are of a reddish colour, which gradually ac- 
quire a yellow tint, and have a very strong bitter taste. They 
are to be filtered through a linen cloth, and about half a pound 
of pulverized quicklime is to be gradually added to the solution: 
the sulphate of quinia is decomposed, the alkali being precipi- 
tated along with the sulphate of lime. This is digested repeat- 
edly in rectified alcohol, till it no longer imparts any bitter 
taste to this fluid ; the alcoholic solutions are then evaporated 
till a very bitter, brown viscid substance is obtained, which 
becomes brittle as it cools. This is the quinia separated from 
almost all the other ingredients of the bark; and by digesting 
it in dilute sulphuric acid, a solution of the sulphate of quinia is 
obtained, which crystallizes on evaporation. 

Two lbs of bark yield from 5 to 6 drachms of the sulphate. 
It consists of 100 quinia + 10,9 acid. 

1999. Acetate cf Quinia forms bundles of flat acicular crys- 
tals, while the corresponding salt of cinchonia crystallizes in 
small tables. Th egallate, oxalate and tartrate of quinia, are 
nearly insoluble, but quinia is very soluble in sulphuric ether. 

2000. In the red bark ( cinchona objongifolia) the two sali- 
fiable bases above described are found united.* 

2001. b. The bark of the horse chestnut ( JEsculus hippo- 
castanum ,) has been partially examined by M. Henry 4 It 
appears to contain scarcely any resin ; water and diluted alco- 
hol dissolve noarly the whole of its soluble contents, which are 
ehiefly extractive and mucilage. Tincture of galls does not 
render its infusion«turbid, it does not therefore probably con- 
tain the peculiar substances discovered in Peruvian bark. 

iii. Woods. 

2002. a. Brazil Wood is the .produce of the Csesalpina 
crista , growing in Brazil, in the Isle of France, japan, and 
other countries : the wood is hard and heavy, and though pale 
when recent, it acquires a deep red colour by exposure. Di- 
gested in water it affords a fine red infusion, of a sweetish fla- 
vour ; the residue, which appears nearly black, imparts much 
of its colour to alkaline liquors. With alcohol it gives a deep 
red tincture : alkalies and soap convert its red colour to a fine 

* Quarterly Journal of Science and the Arts. s. 388. 

t GuearilUh the bark of the Croton Ekutktrim contains, according to Trownnsdo rtf JS nnmUt it 


CkimU , uii. Parts. 

Moeilage and bitter principle . . . • • * 864 

Resin 688 

Volatile oil ' 72 

Water 

Woody fibre 30*4 

4 Ana. de Chin, lisri. 4998 
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purple, hence paper tinged with Brazil wood is sometimes used 
as a test for alkalies; acids render it yellow ; alum produces a 
fine crimson lake with infusion of Brazil wood ; muriate of tin 
forms wit)i it a crimson precipitate, bordering on purple ; the 
salts of iron give a dingy purple colour. Sulphuretted hydro- 
gen destroys the colour of infusion of brazil wood, but it re- 
appears on expelling the gas.* 

2003. b. Red Sandal , or Saunders , is the wood of the Sftna<klwoo4 
Pltrocarpus santalinus , a native of several parts of India. Its 

deep red colouring matter is insoluble in water, but readily 
soluble in alcohol ; it is chiefly employed for colouring a few 
pharmaceutical tinctures. The insolubility of its colouring 
principle in water furnishes a ready mode of distinguishing be- 
tween it and brazil wood ; and its solubility in alcohol renders 
it probable that it is of a resinous nature. 

2004. c Logwood , the produce of the Haematoxylon cam - Logwood. 
pechianum % has already been noticed as containing a peculiar 
colouring principle. (1827.) It imparts a fine purple or crim- 
son colour to pure water, but its tint is altered by the slightest 
metallic impregnation ; alkalies deepen it, and acids render it 
paler; alum forms with it a violet-coloured lake; sulphate of 

iron renders the infusion of logwood deep purple, or nearly 
black ; sulphate of copper and acetate of lead throw down brown 
and purple precipitates; and muriate of tin precipitates the 
whole of the colouring matter, in the form of a purple com- 
pound. The colours which logwood produces are for the most 
part very perishable.t 

iv. Leaves. 

2005. a. Senna. According to LagrangeJ the leaves of the seno». 
Cassia senna are characterized by containing a peculiar extrac- 
tive principle, which, by long boiling, passes into a resinous 
substance, in consequence of absorbing oxygen ; they also con- 
tain a resin which resists the action of water, and is soluble in 
alcohol ; the whole of the soluble matter amounts to about one- 
third the weight of the senna. In the London Medical Repos - 
itory , vol. xv. 169, the effects of the various re-agents on infu- 
sion of senna are detailed by Mr Batley. 

2006. b. Nightshade . The leaves of the Atropa Bella don- Kightthxd*. 
na contain according to Vauquelin§ 

i. Vegetable albumen. 

ii. A bitter narcotic principle. 

iii. Nitrate, muriate, rulphate, binoxalate, and acetate of potaMa. 

Dr Brandes has announced the existence of a new vegetable 

alkali in this plant, which he calls atropia. It forms brilliant 
acicular crystals, tasteless, and difficultly soluble in water and 

* Chevreuil, Aim de Chim. Ixri. 

f Bancroft on Permanent Colour $, ii. 338. Chevrcuil, Ann. de Chim . Ixri. 264- 

t Ann. de Chim. xxri. $ Ann. de Chim. lxxii- 
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alcohol. It affords distinct salts with the acids ; the Sulphate 
of Alropia consists of 


Sulphuric acid 36,52 

Atropia 38,93 

Water . . i , . . 24,55 


100,00 

2007. c. Hyoscyamus Niger , or Henbane . In the leaves of 
this plant Dr Brandes has also ascertained the presence of a 
peculiar and highly poisonous salifiable base which he calls 
hyosciama . With the acids it forms characteristic salts ; it 
crystallizes in long prismd. 

2008. Lupulin was discovered by Dr Ives* and M. M. 
Payen and Chevalier, about the same time, in the leaves of the 
Humulus Lupulus or common hop. It is extremely bitter, of 
a yellow colour, and has an aromatic odour. It is the princi- 
ple on which the characteristic properties of the hop depend* , 

*v. Flowers. 

c 

2009. The colouring matter of most flowers is extremely fugi- 
tive, and is generally much changed by mere exsiqcation. They 
usually communicate their colour to water ; the infusion of blue 
flowers is generally reddened by acids, and changed to green 
or yellow by alkalies ; that of yellow flowers is made paler by 
acids, and alkalies render it brown; the red infusion of many 
flowers is exalted in tint by acids, and changed to purple, and 
in some instances, to green by alkalies. 

It is probable that one and the same principle gives colour to 
several of the blue and red flowers, but that the presence of 
acid in the latter produces the red ; the petals of the red rose, 
triturated with a little carbonate of lime and water, give a blue 
liquor ; alkalies render it green, and acids restore the red. 

2010. A colouring matter analogous to that of the violet, 
exists in the petals of red clover, in the red tips of those of the 
common daisy, of the blue hyacinth, the holly -hock, lavender, 
in the inner leaves of the artichoke, and in numerous other 
flowers ; reddened by an acid, it colours the skin of several 
plums, and the petals of the scarlet geranium and pomegranate* 
Some flowers which are red, become blue by merely bruising 
them ; this is also the case with the colouring matter of red 
cabbage leaves, and of the rind of the long radish. Mr Smith- 
son has suggested that the reddening acid is in these cases the 
carbonic, which escapes on the rupture of the vessels which 
enclose it. 

2011. The petals of the common corn-poppy % rubbed upon 
paper, give a purple stain, little altered by ammonia or carbo- 
nate of soda, but made green by caustic potassa. The infusion 

* American Journal of Science, U. 1 
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of poppy-petals in very dilute muriatic acid, is florid red ; chalk 
added, renders it of the colour of port wine ; carbonate of soda 
in excess gives the same colour, but excess of potassa changes 
it to green and yellow. The expressed juice of the black mul- 
berry possesses nearly the same properties.* 

2012. The flowers of the carthamus tine tortus , or safflower , 
cultivated^hiefly in Spain and the Levant, contain a yellow 
colouring matter, easily soluble in water, and a red, soluble in 
alcohol and weak alkaline liquors ; the latter only is employed. 

JRouge is the red colouring matter of the carthamus, obtained Roo *« 
by digesting the washed flowers in solution of carbonate of soda, 
and adding lemon juice, which throws it down in the form of a 
fine powder, which is dried and mixed with a portion of pow- 
dered talc ; carthamus is also used for dyeing silk. The details 

of the analysis of carthamus will be found in the Essays of 
Du four and Marchais.t 

2013. Pollenin is prepared from the pollen of tulips and was Poiienin. 
discovered by Dr John. It is distinguished by its insolubility 

in all those agents which arc usually employed to effect the 
solution of other vegetable products, and is highly inflammable, 
burning rapidly with a large flame. When exposed to the air 
it soon passes to a state of putrefaction ; and by destructive dis- 
tillation, ammonia is disengaged, along with some of the usual 
products that arise from the decomposition of animal matter.! 

» 

vi. Seeds. 

2014. Starch is an essential component of the greater number 
of Seeds, and it is generally united in them with a variable por- 
tion of gluten, and often of fixed and of volatile oil. The com- 
ponent parts of wheat-flour, and of several esculent grains, have 
already been stated (1818,) and a variety of curious details re- 
specting them will be found in Einhoff’s Papers , in Geh- 
i.en 7 s Journal . 

Sir H. Davy has also examined a number of seeds with a 
view to determine their relative nutritive powers : for the 
results of his experiments see Agricultural Chemistry , 4to. 

131. 

2015. Almonds , the seeds of the amygdalus communis, con- Almonds, 
sist of an albuminous substance and oil ; the latter may be ob- 
tained by expression, five pounds yielding about one pound of 

cold drawn oil, and about a pound and a half when aided by 
heat. The bitter almond affords by pressure an oil analogous 

* Smithson, Phil. Tram . 1818, 110. f Ann. de Chim. xlviii. 

| Chlorophyll « is a term which it applied to the green colouring matter of plants, and it obtained by 
subjecting the green parts, especially the leaves, to pressure along with water, treating the residue 
with alcohol, and evaporaliog the solution. It is purified from a brown colouring matter by warm 
water. It is soft, viscid, and of a Gne green colour, soluble in sulphuric acid without being decom- 
posed, and is precipitated by water and solutions of the alkalies. It is very soluble in alcohol and 
ether, but is sparingly dissolved by water. 

66 


Digitized by LjOOQle 



522 


PEPPER. 


fofu 


Cafoim. 


P*pr* r - 


Piptrla. 


to that from the former ; but if the expressed cake be distilled 
with water, a portion of volatile oil eminently poisonous, and 
smelling strongly of the ajpond, is obtained ; this oil is used as 
a flavouring material by confectioners, and by the manufactur- 
ers of noyau. In the Philosophical Transactions for 1811, 
Mr Brodie has detailed a variety of experiments illustrative 
of its action as a poison, in which, as well as from its odour it 
appears identical nearly with hydrocyanic acid. 

8016. The seeds of the white lupine ( lupinus albus) contain, 
according to Fourcroy and Vauquelin,* gluten and a green acrid 
oil, with a considerable portion of phosjmate of lime and mag- 
nesia, but no starch or sugar. 

8017. Coffee , the seed of the Coffea Arabica has been 
examined both in its raw and roasted state. From 64 parts of 


raw coffee, t Cadet obtained 

Gum 8, 

Resin and bitter extract • 8,0 

Gallic acid * 3,5 

Insoluble matter . . 43,5 

Loss including a trace of albumen ...... 7,0 


64. 

Hermann has given the following comparative analysis of cof- 
fee from the Levant and from Martinique^, the results of which 
differ much from those of Cadet : 



Lariat 

MartiaiqM. 

Reafoi • . 


• . . • . 68 

Extractive 


..... 310 

Gum . • . 


144 

Fibroue matter 

.... 1335 . 

. . . . • 1386 

Lois • • • 


..... IS 


1980 

1M0 


When coffee is roasted it undergoes a peculiar change of 
composition attended by the formation of tan, and a volatile, 
fragrant, and aromatic principle ; but in this state it has not 
been examined with any precision. 

8018. Ca/eine is a new principle which was discovered in 
coffee by Robiquet. It is white, volatile, and crystal lizable, 
and is particularly distinguished by the large quantity of nitro- 
gen which it contains, being greater than that in almost any 
other vegetable. According to Dumas and Pelletier, it consists 
of 87,14 oxygen, 4,81 hydrogen, 46,51 carbon, and 81,54 
nitrogen. 

8019. Pepper. The seed of the piper nigrum has not been 
satisfactorily analyzed : it imparts its acrimony to alcohol and 
to water ; it contains a species of volatile oil, with starch and 
extractive matter.^ 

8080. Piperin is extracted from black pepper, by digesting 
it in alcohol, evaporating the solution, treating the residue with 

* An 4m Main. No. *«?>. t A»n. do Chin. IriK. 

\ CroU’f JlnnmUt, ii. $ Nichohon'a Jtnmml, ii. 
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water as long as this liquid dissolves any portion of it, and then 
dissolving it in alcohol. This solution affords prismatic crystals 
of piperin, which may be rendered transparent and colourless by 
repeated solution and crystallization. They are soluble in alco- 
hol and ether, and are insipid. The peculiar properties of pep- 
per appear to depend on an acrid volatile oil which is associat- 
ed with it. 

2021. Mustard . The seed of the sinapis nigra derives its Mostar *. 
acrimony from volatile oil ; it also contains a tasteless fixed oil, 
albumen, gum, and traces of sulphur and earthy salts. 

2022. The seeds of the lycopodium clavatum , or common 
club moss have been analyzed by Bucholz.* From 1000 parts 
he obtained 


Fixed oil 60 

Sugar SO 

Mucilage ......... 15 

Insoluble residue 895 


1000 

This seed has the appearance of a fine yellow powder, which 
deflagrates when projected into the flame of a candle ; it is used 
in theatres to imitate lightning ; and the German apothecaries 
employ it to prevent the adhesion of pills. 

2023. Jlnnotta is the produce of the bixa orcllana , a tree Anootu. 
cultivated in various parts of America. When the capsules are 
ripe, the seeds are bruised and steeped for ^several weeks in 
water, until converted into a pulp, which is allowed to putrefy, 

and being diffused through a fresh portion of water, is heated 
till a scum rises, which is successively removed as it forms, and 
teing carefully dried, is made up into cakes, and wrapped in 
palm leaves for exportation. 

Annotta is soluble in water and alcohol; the solutions have a 
disagreeable smell, and are of an orange colour ; alkalies render 
it more soluble and increase its colour; alum and the acids sep- 
arate it from its solutions in the form of a yellow sediment ; it 
is used for dyeing silk and colouring cheese. 

2024. Citisin was discovered by M. M. Payen and Cheva- 
lier in the seeds of the Cytisus Laburnum. Its colour is yel- 9 ititiB * 
low, and it has a disagreeable taste ; it is soluble in water, alco- 
hol and ether. It is easily decomposed by hpat, and the strong 
acids produce the same effect. 

vii. Fhuits. 

2025. The acid matter contained in fruits is either the tarta- ThtWe( 
ric, oxalic, citric, or malic; or a mixture of two or more of ieau. rc< 
them ; but the nature and proportion of the acid varies at dif- 
ferent periods of their growth ; gluten and starch are found 

* Gchlen’a Journal , »i 
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Zeine. 


ZEINE. 

in some fruits, and a gelatinizing substance, which has some- 
times been regarded as identical with animal jelly, but which 
is probably a compound of gum and one or more vegetable 
acids. 

2026. Most of our common fruits also contain sugar, and it 
exists in all those the juice of which is susceptible of vinous fer- 
mentation. In some fruits the quantity of sugar is increased by 
mashing and exposure to air ; this is remarkably the case with 
some of the rough-flavoured apples used for cider, the pulp of 
which becomes brown, and at the same time sweet by a few 
hours’ exposure. 

2027. The colouring matter of fruits seems in most cases to 
bear a strong ^resemblance to that of flowers. The red juice of 
the mulberry was found to exhibit the same characters as the 
colouring principle of the wild poppy ; carbonated alkalies ren- 
der it blue, but caustic potassa changes it to green and yellow: 
the juice of red currants, cherries, elder berries, and privet ber- 
ries, and the skin of the buckthorn berry, appear to contain a 
similar colouring principle. 

2028. The unripe berries of the buckthorn furnish a juice, 
which, when inspissated, is known under the name of sap 
green. It is soluble in water, and rendered yellow by carbo- 
nate of soda and caustic pdtassa ; the acids redden it, and car- 
bonate of lime restores it to green, which is therefore probably 
the proper colour of the substance.* 

2029. The fruit of the wild cucumber ( cucumis elaterium) 
furnishes a very acrid juice, which deposits the powerful cathar- 
tic known under the name of elaterium . This substance 
occurs in commerce in thin cakes, of a greenish colour and bit- 
ter taste ; it derives its cathartic power from a small portion of a 
very active principle, which Dr Paris has called Elatin ;t from 
10 grains of elaterium he obtained 


Water 0,4 

Extractive 2,6 

Fecuia 2,8 

Gluten 0,5 

Woody matter 2,6 


Bitter principle 


10 . 

2030. Zeine was discovered by Prof. Gorham in the Zea 
Mays or indian corn. It may be procured by infusing the 
grain in water, filtering, and digesting the insoluble residue in 
alcohol, and evaporating to dryness. It is of a yellowish col- 
our, insipid, soft and elastic.} 


* Smithson, Phil. Tram. 1818, p. 1X6. t Pbannacologia 223, 3d edit. 

X N. E. Journal of Medicine. 
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viii. Bulbs. 

2031. Th e potato, which is the bulbous root of the solanum 
tuberosum , has been examined by Dr Pearson and by M. Ein- 
hoff ; from 100 parts, the latter chemist obtained 

Starchy matter 22 

Albumen and mucilage •••*•*. 5,4 

27,4 

The average quantity of nutritive matter contained in the 
potato, amounts to about one fourth its weight. When pota- 
toes become sweet by exposure to frost, a portion of mucilage 
passes into the state of sugar, for EinhofT found the quantity of 
starch undiminished. 

2032. Garlic or the bulbous root of the allium sativum, has 
been examined by Cadet.* It loses by drying about two-thirds 
of its weight; its juice is viscid, and very slightly sour; it 
yields coagulated albumen when heated, and when distilled 
with water furnishes an acrid oil having a strong odour of 
garlic. 

2033. The bulb of the Jlllium Cepa , or Onion , has been 
analyzed by Fourcroy and Vauquelin.t The juice of this root, 
when exposed to a temperature of about 70°, forms a quantity 
of vinegar, and deposits a sediment having the characters of 
gluten combined with oil and sulphur. In the acetous solutiou 
is contained a substance having the properties of manna, and 
which is probably a product of the fermentation, for none 
could be detected in the recent juice. 

2034. Squill, the bulbous root of the Scilla maritima con- 
tains, according to Vogel, $ a peculiar bitter principle, which he 
terms Scillitin, combined with gum, and a considerable por- 
tion of tannin. 


ix. Lichens. 

2035. There are several lichens which abound in colouring 
matter ; of these the most remarkable is the Lichen roeella , 
which grows in the South of France and in the Canary Islands, 
and which affords the beautiful but perishable blue called litmus , 
archil , or turnsole . The moss is dried, powdered, mixed with 
pearlash and urine, and allowed to ferment, during which it 
becomes red, and then blue ; in this 9tate it is mixed with car- 
bonate of potassa and chalk, and dried. It is used for dyeing 
silk and ribands, and by the chemist as a most delicate test of 
acids, which it indicates by passing from blue to red ; the blue 
colour is restored by alkalies, which do not render it green. 
Cudbear appears to be a similar preparation of the lichen tar - 
t areas. § 

* Ann. de Chim. lix. f Aon. de Chim. lxv. 

t Ana. de Chim. lxuir. $ Bancroft on Colours, i. 300 . 


Potato. 


Garlic. 


Onion. 


Archil. 


Digitized by LjOOQle 


526 


rXKMXIITATIOV. 


IeeUad bom. 


Faagic acid. 


Fermenta- 

tion. 


ViiowaDd 

acetous. 


Mr Smithson has thrown some doubt upon the use of alka- 
lies in the precipitation of litmus, for he found its tincture pro- 
duce no change on solutions of muriate of lime, nitrate of lead, 
muriate of platinum and oxalate of potassa ; he at the tame 
time suggests the idea of its being a compound of a vegetable 
principle with potassa.* 

2036. The Lichen Islandicus, or Iceland Moss has been 
subjected to analysis by Berzelius.t He obtained from it thf 
following substances : 


Simp ...... 

Bi-tartrate of potassa * 
Tartrate of lime • . • 
Phosphate of lime . • 
Bitter principle • . • 

Wax 

Gum ...... 

Colouring extract • • 
Starch •••••• 

Insoluble starchy matter 


. 3,« 

\ 3,0 
. 1,6 
. 3,7 
• 7,0 
. 44,6 
. 36,6 


102,0 


x. Fungi or Mushkooms. 

2037. M. Braconnot who has lately examined many fangi 
with minute attention, has giveu the name/u/igrtn to the inso- 
luble spongy portion which they contain, and which in many 
respects resembles lignin : he has also detected in them two pe- 
culiar acids, which he terms fungic add (1979) and boletic add 
(1978) ; the method of extracting which has been above de- 
scribed. A peculiar fatty matter, or adipocer, has been found 
by Vauquelin and Braconnot, in several of the fungi ; an 
albuminous substance, and salts, some of which are boletates 
and fungates, have also been detected in them, but the analyses 
are too abstruse, and the results too complicated, to be regarded 
as perfectly satisfactory 4 


Section XVIII. Phenomena and Products of Fermentation . 

2038. The term fermentation is employed to signify the 
spontaneous changes, which certain vegetable solutions undergo, 
placed under certain circumstances, and which terminate either 
in the production of an intoxicating liquor, or of vinegar ; the 
former termination constituting Vinous, the latter acetous fer- 
mentation. 

The principal substance concerned in vinous fermentation is 
sugar; and no vegetable juice can be made to undergo the 
process, which does not contain it in a very sensible quantity. 

• Phil. Tran*. 1818. p. 111. f Abb. da Chin. xc. 

} Ann. da Chin. huix. lxxxr. fee. 
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In the production of beer, the sugar is derived from the malt ; 
in that of wine, from the juice of the grape. 

2039. In the manufacture of beer , the malt is ground and 
infused in the mash-tun , in rather more than its bulk of water, 
of the temperature of 160° or. 180°. Here the mixture is 
stirred for a few hours ; the liquor is then run off, and more 
water added, until the malt is exhausted. These infusions are 
called warty and its principal contents are saccharine mattery 
starchy mucilage, and a small quantity of gluten . The 
strength of the wort is adjusted by its specific gravity, which 
is usually found by an instrument, not quite correctly called a 
saccharometery since it is influenced by all the contents of the 
wort, and not by the sugar only.* 

The wort is next boiled with hops, amounting upon the 
average, to the weight of the malt, their use being to cover 
the sweetness of the liquor by their aromatic bitter, and to 
diminish its tendency to acidify. The liquor is then thrown 
into large, but very shallow, vessels, or coolersy where it is 
cooled to about 50°, as quickly as possible ; it is then suffered 
to run into the fermenting vat 9 having been previously mixed 
with a proper quantity of yeasty which accelerates fermentation, 
apparently by virtue of the gluten which it contains. 

In the fermenting vessel, the different substances held in 
solution in the liquor begin to act upon each other 4 ; an intestine 
motion ensues, the temperattire of the liquor increases, carbonic 
acid escapes in large quantities ; at length this evolution of gas 
ceases, the liquor becomes quiet and clear, aod it has now lost 
much of its sweetness, has diminished in specific gravity, 
acquired a new flavour, and become intoxicating. 

2040. The distillers prepare a liquor, called washy for the 
express purpose of producing from it ardent spirits ; instead of 
brewing this from pure malt, they chiefly employ raw grain, 
mixed with a small quantity only of mailed grain ; the water 
employed in the mash-tun is of a lower temperature than that 
requisite in brewing, and the mashing longer continued ; by 
which it would appear that a part of the starch of the barley is 
rendered into a kind of saccharine matter* The wort is after- 
wards fermented with yeast. 

2041. Wine is principally procured from the juice of the 
grape, and some other saecharine and mucilaginous juices of 
fruits. The principal substances held in solution in grape juice 
are, sugar , gum 9 gluten, and bi-tartrate of potassa. it easily 
ferments spontaneously at temperatures between 60° and 80°, 
and the phenomena it gives rise to closely resemble those of the 

• It »• * brui instrument, of the shape shown Io fig. 136, so adjus'ed in weight as to sink to the 
point marked 0*. in distilled water, at the temperature ol 70 u , and when immersed in a liquor of the 
same temperature, and of the specific gravity of 1,100, it is booyed op to the mark 100, just above the 
hnlb. The intermediate space is divided into 100 equal parts, aod consequently will indicate inter- 
mediate degrees ef specific gravity. This b the meet asefal term ef the instrument, though not that 
in common ose. The specific gravity of the wort far ale is usually about 1,080 to 1,100, and for 
tahle-bterfrom 1,0*0 to 1,090. 
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wort with- yeast. After the operation, its specific gravity is 
much diminished, its flavour changed, and it has acquired 
intoxicating powers.* 

2042. If a mixture of 1 part of sugar, 4 or 5 of water, and 
a little yeast, be placed in a due temperature, it also soon 
begins to ferment, and gives rise to the same products as wort 
or grape-juice; and, as the free admission of air is not necessary 
to vinous fermentation, its results may easily be examined by 
suffering the process to go on in the apparatus, fig. 127, consist- 
ing of a matrass containing the fermenting mixture, with a bent 
lube issuing from it, and passing into an inverted jar standing 
in water. 

It will thus be found that the only gaseous product is carbonic 
acid ; and consequently, that carbon and oxygen are the princi- 
ples which the saccharine matter loses during the process. 

* 2043. When any of the above-mentioned fermented liquors 
are distilled, they afford a spirituous liquor ; that from wine is 
termed brandy ; from the fermented juice of the sugar-cane 
we obtain rum ; and from wash, malt spirit ; and these 
spirituous liquors, by re-distillation, furnish spirit of wine, 
ardent spirit , or alcohol. 

2044. The different fermented liquors furnish very different 
proportions of alcohol, and it has been sometimes supposed 
that it does not pre-exist to the amount in which it is obtained 
by distillation ; but some experiments made by Prof. Brande 
upon the subject, in 1811 and 1813, and which are printed in 
the Philosophical Transactions for those years, tend to show 
that it is a real educt, and not formed by the action of heat 
upon the elements existing in the fermented liquor.t 

2045. The principle upon which the intoxicating properties 
of fermented liquors depends, and which exists in ardent spirits, 
is in its purest form called alcohol. It may be obtained by 
distilling the rectified spirit of wine of commerce, with one- 
fourth of its weight of dry and Warm carbonate of potassa ; 
about three-fourths may be drawn over. There are other sub- 
stances which may be used as substitutes for the carbonate, 
especially muriate of lime. 

. 2046. It has been found also that spirit of wine of sp. gr. 867 
when inclosed in a bladder, and exposed for some time to the 
air, is converted into alcohol of sp. gr. 0.817, the water only 
escaping through the coats of the bladder.} 

* The vegetable extract existing in the recent or expressed juice of the grape, is considered by Dr 
Mscculloch and M. Theonrd as the proper fermentative principle. The last of these chemists top- 
poses that this extract tends to exci'e fermentation in consequence of its having the power of abstract* 
ing, by means of its hydrogen and carbon, a portion of oxygen from the sugar of the most, to this 
way the divellent affinities of the ingredients of the sugar are brought into action. A part a f its 
oxygen and carbon is evolved in a gaseous form, while its hydrogen and the remaining oxygen and 
carbon are converted into alcohol.— Brewster's Jour . 1, 164. 

f For the proportion of alcohol existing io several kinds of wine and other liquors, tee Tobte*. 

* Quart. Jour. via. 381, and Henderson's Rittory of roints. Load. 1824. 
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2047. Alcohol obtained by slow and careful distillation, is a 
limpid, colourless liquid, of an agreeable smell, and a strong 
pungent flavour. Its specific gravity varies with its purity; 
the purest obtained by rectification over muriate of lime being 
791 ; as it usually occurs it is .820 at 60°. If rendered as pure 
as possible by simple distillation, it can scarcely be obtained of 
a lower specific gravity than .825, at 60°. 

2048. Dr Hutton is said to have succeeded in freezing alco- 
hol, but the means by which he effected its congelation were 
never disclosed. Mr Walker exposed it to a temperature of — 
91 but no congelation took place. Even when diluted with an 
equal weight of water, it requires a cold of 6° below 0 to con- 
geal it. By using anhydrous sulphurous acid it has been frozen 
by M. Bussy, (527). When of a specific gravity of ,825, it boils 
at the temperature of 176°, the barometrical pressure being 30 
inches. In the vacuum of an air-pump it boils at common 
temperatures. The specific gravity of the vapour of alcohol, 
compared with atmospheric air, is 1,613.* 

2049. Alcohol may be mixed in all proportions, with water, 
and the specific gravity of the mixture is greater than the mean 
of the two liquids, in consequence of a diminution of bulk that 
occurs on mixture as may be shown by the following experi- 
ment : 

Fig. 128 represents a tube with two bulbs, communicating 
with each other, the upper one being supplied with a well- 
ground glass stopper. Fill the tube and lower bulb with water, 
pour alcohol slowly into the upper bulb, and when full put in 
the stopper. The vessel will now be completely filled, the 
alcohol lying upon the water ; if it be inverted, the alcohol and 
water, will slowly mix and the condensation that ensues will be 
indicated by the empty space in the tube. A considerable rise 
of temperature takes place in this experiment, in consequence 
of the condensation. 

2050. The strength of such spirituous liquors as consist of 
little else than water and alcohol, is of course ascertained by 
their specific gravity ; and for the purpose of levying duties 
Upon them, this is ascertained by the hydrometer ; an instru- 
ment constructed on the same principle as that described at 
page 527 (note.) But the only correct mode of ascertaining 
the specific gravity of liquids, is by weighing them in a deli 
cate balance against an equal volume of pure water, of a similar 
temperature. (762.)t 

2051. There are other methods of judging of the strength of 
spirituous liquors, which, though useful, are not accurate, such 
as the taste, the size and appearance of the bubbles when shaken, 


*Gey-Lossae Annalss ds Chi mi e el Phys. Tom. 

t In lb« Philosophical Transactions for 1794, Mr Gilpin boa (iron a oopioos and valuable series of 
tables of tbs specific gravity of mixtures of alcohol and water, and of the condensation tbit ensues, 
with several other particulars. These are extremely useful, as enabling us to ascertain, without diffi- 
culty the relative quantity of alcohol contained in any mixture of known specific gravity. See Tables* 

67 


May be fro- 
xen. 


Condensation 
of alcohol 
end water. 


Exp.’ 


Strength, 
how ascer- 
tained. 


Digitized by LjOOQle 



ALCOHOL* 


*30 


the sinking or floating of olive oil in it, and the appearances 
it exhibits when burned ; if it burns away perfectly to dryness, 
and ioflames gunpowder or a piece of cotton immersed in it, it 
is considered as alcohol: the different spirituous liquors leave 
variable proportions of water when thus burned in a graduated 

IjSbd?*' 0 2052. Alcohol is extremely inflammable, and burns with a 
pale blue flame, scarcely visible in bright day-light* It occa- 
sions no fuliginous deposition upon substances held over it, and 
the products of its combustion are carbonic acid and wateiythe 
weight of the water considerably exceeding that of the alcohol 
consumed. According to Saussure, jun. 100 parts of alcohol 
afford, when burned, 136 parts of water, the production of 
which may be shown by substituting the flame of alcohol for 
that of water, in the apparatus described in the first of the 
pj.4 un( ] er the Article Water (349), and if the tube at its 
extremity be turned down into a glass jar, it will be found that a 
current of carbonic acid passes out of it, which may be rendered 
evident by lime water. 

There are some substances which communicate colour to the 
flame of alcohol ; from boracic acid it acquires a greenish yel- 
low tint; nitre and the soluble salts of baryta cause it to burn 
yellow, and those of strontia give it a beautiful rose colour; 
cupreous salts impart a fine green tinge. 

2053. Alcohol dissolves pure soda and potassa, but it does 
not act upon their carbonates : consequently, if the latter be 
mixed with alcohol containing water, the liquor separates into 
two portions, the upper being alcohol deprived to a considerable 
extent, of water, and the lower the aqueous solution of the car- 
bonate. The alcoholic solution of caustic potassa was known in 
Tincture of old pharmacy under the name of Van Helmont’s Tincture of 
Tnrur. Tartar . Its use in purifying potassa has already been stated 

(825) ; if it be long kept it deposits small crystals of carbonate 
of potassd, and becomes nearly black, from the decomposition 
of a portion of alcohol ; the greater number of sulphates are 
insoluble in this menstruum, but.it dissolves many of the muri- 
ates and nitrates. It also dissolves the greater number of the 
acids. It absorbs many gaseous bodies. It dissolves the vege- 
table acids, the volatile pils, the resins, tan, and extractive mat- 
ter, and many of the f oaps ; the greater number of the fixed 
oils are taken up by it in small quantities only but some dis- 

* There it the greatest difficulty in ascertaining what it meaot by the term proof spirit. Dr 
Thomson, quoting the Act of Parliament of 1*762 (System, ii. 319,) states, that at the tempera tore ot 
60°, the specific gravity of proof spirit should be 0,916 ; and be also observes, that proof spirit email y 
means a mixture of s^ual bulks, of alcohol and water ; but the specific gravity of such a mixture will, 
of coarse, depend upon that of the standard alcohol, which is not specified. It appears from Gilpia's 
Tobies, that spirit of the specific gravity ,916 at 60°, consists by tb eight of tOO parts of alcohol, specific 
gravity ,825, at 60*, and 76 of water } and, by meosure, of 100 parts of the same alcohol, and 61,87 of 
water. From the Tobies of Lowitx, quoted by Dr Thomson, from Crell’s JSnmols (1796, 1. 902,) we 
learn that equal weights of alcohol, specific gravity ,796, at 60*. (and which may bo regarded as pare 
alcohol ,) and watar, hare a specific gravity of ,917, which is very near legal proof, and which, accord- 
ing to Gilpin's Tobies, contains 62,8 parts per cant of bis alcohol, by msosvrs. 
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solve largely. It may be remarked that many errors exist in 
the published estimates, of the solubility of substances in alco- 
hoi, arising from the existence of water either in the solvent or 
substance dissolved. 

2054. When the vapour of alcohol is passed through a red- 
hot copper tube, it is,decom posed, a portion of charcoal is de- 
posited, and a large quantity of carburetted hydrogen gas is 
evolved. 

2055. The most satisfactory experiments on the composition 
of alcohol are those of Saussure, as quoted by Dr Thomson.* He 
passed the alcohol through a red-hot porcelain tube, terminating 
In a glass tube six feet long and surrounded by ice; all the pro- 
ducts were carefully collected and weighed. The result of this 
analysis was, that 100 parts of pure alcohol consist of 


Hydrogen 13,70 

Carbon • ••••’. 51,90 

Oxygen . . . . 34,32 


100,00 

These numbers approach to 3 proportionals of hydrogen = 3 ; 
2 of carbon, = 12 ; and 1 of oxygen, = 8. 

Or it may be regarded as composed of 


Olefiant gas 61,63 

Water 30,37 


100,00 

If we consider it as composed of 1 volume of olefiant gas, and 
I volume of the vapour of water, the two volumes being con- 
densed into l, the specific gravity of the vapour of alcohol, com- 
pared with common air, will be 1,599, or, according to Gay- 
Lussac, 1,613. 

2056. Whefi alcohol is submitted to distillation, with certain 
acids, a peculiar compound is formed, called ether, the different 
ethers being distinguished by the name of the acid employed 
in their preparation. 

a. Sulphuric Ether. 

2057. Sulphuric Elher is the most important of these com- 
pounds ; it is prepared as follows : Equal weights of alcohol and 
sulphuric acid are carefully mixed and introduced into a glass 
retort placed in a sand-bath, to which is adapted a capacious 
tubulated glass globe, connected with a receiver, as represented 
in fig. 100. Raise the mixture in the retort to its boiling 
point as rapidly as possible, and, keeping the receiver cool by 
water or ice, continue the distillation, till opaque vapours 
appear in the retort ; then remove the receiver, and agitate 
its contents with a little quick-lime ; after which pour off the 
elear liquor, and re-distil to the amount of three-fourths its 
original quantity with the same precautions as before. The 

* Li. p. 327. 
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ether may be further purified by distilling it off muriate of lime. 
The London Pharmacopoeia directs the distillation of ether 
with potassa, for its purification from sulphurous acid ; and Mr 
Richard Phillips, in his Experimental Examination, has 
given the following directions for procuring ether for pharma- 
ceutical purposes, which answer extremely well. “ Mix with 
16 ounces of sulphuric acid, an equal weight of rectified spirit, 
and distil about 10 fluid ounces, add 8 ounces of spirit to the 
residuum in the retort r and distil about 9 fluid ounces ; or con- 
tinue the operation until the contents of the retort begin to 
rise or the product becomes considerably sulphurous ; mix the 
two products, and if the mixture consists of a light and heavy 
fluid, separate them : add potassa to the lighter, as long as it 
appears to be dissolved ; separate the ether from the solution of 
potassa, and distil about nine-tenths of it, to be preserved as 
ether sulphuricus , the specific gravity of which ought to be at 
most ,750.”* 

2058. Preparing ether upon a large scale, it is found that 14 
parts of alcohol (specific gravity ,820) mixed with an equal 
weight of sulphuric acid (specific gravity 1,8,) and submitted to 
distillation, afford about 8 parts ol impure ether (specific gravi- 
ty, 770). To the residuum 7 parts of alcohol may be added, 
and about 7} parts more of impure ether drawn off. These 
products, when mixed, have a specific gravity of about ,782, 
and when rectified by distillation on carbonate of potassa, afford 
10£ parts of ether, of a specific gravity of ,735, and about 3} 
parts of ethereal spirit, which is employed instead of an equal 
quantity of alcohol in the next operation. 

2059. When ether, obtained by the usual process, is washed 
with its bulk of water, its specific gravity is diminished, and the 
water employed for washing it affords, on distillation, a con- 
siderable portion of alcohol. By re-distilling this washed ether 
with a little potassa, which keeps down the water, or by treating 
it with muriate of lime, it is obtained extremely light and pure. 

2060. Sulphuric ether is a transparent, colourless liquid, of a 
pleasant smell and a pungent taste; it is highly exhilarating, and 

E roduces a degree of intoxication when its vapour is inhaled 
y the nostrils. Its specific gravity varies extremely with its 
purity. Lowitz is said to have procured it as light as ,633. As 
ordinarily prepared, its specific gravity varies between, ,730 
and, 760. 

It is extremely volatile, and when poured from one vessel 
into another, a considerable portion evaporates ; during its 

* In the preparation of ether on a large scale considerable risk is incurred by fire, recourse baa 
therefore been bad to steam as the source of the required heat In the apparatus employed at Apotho* 
caries Hall (Lood.) the still isof cast-iron, lined with lead ; the steam is conducted through the mixture 
of acid and alcohol by a contorted leaden pipe at the bottom of the still, and is supplied by a boiler 
calculated to resist tbe pressure of 100 lbs on the square inch s in this way the niitae is eery rapidly 
raised to its boiling point, and a larger relative quantity of ether is obtained. The boiler it placed in 
a distant apartment. The condensing apparatus and refrigeratory are of the anal construction^ but 
abmdantly supplied with cold water.— Brtode’s Phmrm ocy.dtf. 
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evaporation from surfaces, it produces intense cold, as may be 
felt by pouring' it upon the hand ; and seen, by dropping it upon 
the bulb of a thermometer, which sinks to many degrees below 
the freezing point (140). The specific gravity of the vapour of 
sulphuric ether, compared with atmospheric air, is according to 
Gay-Lussac, as 2,586 to 1,000. 

At mean pressure, sulphuric ether, when of a specific gravity 
of ,720, boils at 98°, and under the exhausted receiver of a a 
air-pump, at all temperatures above — 20° ; hence, were it not 
for atmospheric pressure, ether would only be known in the 
state of vapour. 

In consequence of the cold produced during the vaporization 
of sulphuric ether, the phenomena of boiling and freezing may 
be exhibited in the same vessel. For this purpose procure a 
very thin flask which fits loosely into a wine-glass, as shown in 
fig. 129. Pour a small quantity of ether into the flask, and 
of water into the glass, and place the whole uoder the receiver 
of an air pump ; during exhaustion, the ether will boil, and a 
crust of ice will gradually form upon the exterior of the flask. 

When subjected to a degree of cold equal to — 46°, sulphuric 
ether freezes. 

2061. Ether dissolves the resins, several of the fixed oils, 
and nearly all the volatile oils ; it also dissolves a portion of 
sulphur, and of phosphorus; the latter solution is beautifully 
luminous when poured upon warm water, in a dark room. The 
fixed alkalies are not soluble in ether, but it combines with am- 
monia. 

By repeated agitation with water, ether is brought to a high 
degree of purity, and acquires the property of dissolving caout- 
chouc. The process, as performed in presence of Faujas de St 
Fond, by Mr Winch of London, is described by the former as 
follows: Let a pint of good sulphuric ether be put into a bottle, 
or, in preference, into the separator, (fig. ISO), along with two 
pints of water ; agitate the two liquids repeatedly together ; 
then let them stand till the ether has risen to the surface, and 
draw off the water through the lower cock a, leaving the ether 
in the vessel. Repeat this process three or four times, or till 
scarcely one-third of the ether remains, and decant the residue 
into a well-stopped phial. In this ether, the elastic gum, cut 
into thin slips, soon begins to swell ; but its action is slow, and, 
about the end of five days, the solution is completed. The 
method of forming tubes, &c. with this solution is described in 
the first volume of Faujas de St Fond’s Travels in England, 
chap. i. H. 

2062. Ether dissolves the oxides of gold and platinum, and 
these solutions have been employed for coating steel with those 
metals, with a view to ornament and as a defence from rust. If 
to a saturated solution of gold or platinum, in nitro-muriatic 
acid, there be added about three parts by measure of good sul- 
phuric ether, it soon takes up the metals, leaving the acid 
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nearly colourless below the ethereal solution,* which is to be 
care filly decanted off ; into this the polished steel is for an 
instant plunged, and immediately afterwards washed in water, 
or in a weak alkaline solution. Though the coating of plati- 
num is the least beautiful, Mr Stodart, who has made many 
experiments upon this subject, considers it as the best protec- 
tion from rust. Polished brass may be coated by the same 
process. These surfaces of gold and platinum, though very thin, 
are often a useful protection : with gold the experiment is 
particularly beautiful, and well illustrates the astonishing divisi- 
bility of the metal. The ethereal solution of gold is not per- 
manent, but, after a time, deposits the metal in the form of a 
film, in which crystals of gold are often perceptible. 

2063. Ether is sparingly soluble in water, and in alcohol it 
dissolves in all proportions. The spiritua setheris sulpkurici 
of the Pharmacopoeia , is an alcoholic solution of ether. 

2064. Ether is highly inflammable, and in consequence of its 
volatility it is often kindled by the mere approach of a burning 
body; a circumstance which renders it highly dangerous to 
decant, or open vessels of ether near a candle.* 

The inflammability of ethereal vapour may be shown by 
passing a small quantity into a receiver, furnished with a brass 
stop-cock and pipe, and inverted over water at a temperature of 
100°. The receiver becomes filled with the vapour, which 
may be propelled and inflamed ; it burns with a bright bluish 
white flame. 

2065. When ether is admitted to any gaseous body it in- 
creases its bulk. Oxygen thus expanded, produces a highly 
inflammable mixture ; if the quantity of oxygen be large and 
of ether small, the mixture is highly explosive, and produces 
water and carbonie acid. 

Into a strong two ounce phial, filled with oxygen gas, and 
wrapped round with a cloth, let fall a drop of ether. On apply- 
ing the flame of a candle, a violent detonation will ensue. 

2066. When the vapour of ether is passed through a red- 
hot tube, it is decomposed, and furnishes a large quantity of 
carburetted hydrogen gas. 

2067. The results of its combustion have been minutely 
examined by several chemists of eminence, especially by Saus- 
sure, and Dr Ure ; they have given its ultimate elements as fol- 
lows : — 

Carbon . . . . 67*98 .... 60,00 

Oxygen .... 17,62 • . . 26,66 

Hydrogen .... 14,40 . - . . 13,34 

100 Sautturt. 100, Ure . 

Saussure’s ether was of the specific gravity of ,715 at 68° F. 
and that employed by Dr Ure only 700. On comparing these 
analytical results, especially Dr Ure’s with the theory of vol- 

• In spirit warehouses or druggist's laboratories where ether is distilled, the ntfity bmf (Sg> ,|S / 
may b$ advantageously used. 
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umes, as adopted by Gay-Lussac, they will belbund nearly to 
agree with the supposition that ether is constituted of two Vol- 
umes of carburetter! hydrogen, and one volume of aqueous 
vapour, the three volumes being condensed injp one by combi- 
nation, for assuming the specific gravity of parbuvetted hydro- 
gen as ,978 (atmospheric air being = 1,000), we find that 

2 volumes of curburetted hydrogen ,978 X 2 = 1,95ft 
1 ■ vapour of water . . = 0,625 

Condensed into 1 volume of vapour of ether 2,581 

and the specific gravity of the vapour of ether, as determined by 
experiment, is = 2,586. 

Two volumes of carburetted hydrogen, and one volume of 
the vapour of water, are equivalent, by weight, to 

4 proportionals of carburetted hydrogen 7 X 4 = 28 
1 ■ — water =9 

* ~ T 37 

and upon this view of the subject the theoretical composition of 
ether may be stated as follows : 

4 proportionals of carbon 6 X 4 = 24 


1 oxygen (in the water) = 8 

5 hydrogen (4 in the carburet > c 

ted hydrogen and 1 in the water) } 

37 

or per cent as compared with Dr Ure’s experimental results — 

Carbon 64,9 # , . . . 60,00 

Oxygen 21,6 26,66 * 0 

Hydrogen • • • • • 13,5 • • • • • 13,34 


100, (Theory.) 100, (Exp't.) 

It appears, therefore, that the action of sulphuric acid upon Theory of 
alcohol, by which the latter is converted into ether, consists <thcntfc ^« 
essentially in the abstraction of one half of its elementary 
water, for the vapour of alcohol consists of equal volumes of 
carburetted hydrogen and aqueous vapour, condensed into one 
half their united bulk, or of two proportionals of carburetted 
hydrogen (7x2) = 14, and one of water = 9, whereas the 
vapour of ether is composed of two volumes of the former and 
one of the latter, condensed into one volume; or four propor- 
tionals of carburetted hydrogen (7x4)= 28, and one of water 
= 9, as shown in the following comparative diagrams 

23 parts of alcohol (by weight) consist of 37 parts of ether (by weight) consist of 


2 proportionals of 
carburetted hy- 
drogen. 

1 proportional of 
aqueous vapour. 


4 proportionals 
of carborettcd 
hydrogen. 

J proportional of 
aqueous vapour. 

7 X 2 = 14 

= 9 



= 9 

14 + 0 = 23 


j 

28+9 = 37 



# 

7 X 4 = 28 
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2068. When a little ether is introduced into chlorine, the 
gas is absorbed, and a peculiar compound results, in which 
muriatic acid is very perceptible; if the ether be inflamed, a 
large quantity of charcoal is deposited, and muriatic aeid is 
abundantly evolved. 

2069. If ether be mixed with its bulk of sulphuric acid, and 
submitted to distillation, a portion of it is converted into a pe- 
culiar fluid which has been termed oil of wine ; it is the oleum 
sethereum of the Pharmacopoeia . It has a sweetish taste, and 
a rich agreeable odour It does not mix with water, but readily 
dissolves in ether and in alcohol. It is very inflammable, and 
deposits a large quantity of carbon during its combustion. Its 
composition has not been inquired into. 

2070. The residue of the distillation of ether has been exam, 
ined by several chemists. According to Sertuerner, new acid 
compounds are produced, which he calls senothionic acidsA M. 
Vogel, in repeating these experiments, allows the formation of 
one new acid only, which he calls sulphovinous acid; he ob- 
tained it by saturating the residue of the distillation of ether 
yith carbonate of lead ; the liquor being filtered, contained a 
soluble 8ulphovinate of lead ; sulphuretted hydrogen passed 
through this solution precipitated the lead and left the pure acid, 
which is so easily decomposed by heat as only to admit of con- 
centration by evaporation under the exhausted receiver. 

2071. Sulphovinate of Baryta was obtained by Gay-Lu* 
sac, in rhomboidal prisms terminated by arhomboidal pyramid; 
the crystals were transparent, and permanent, but easily decom- 
posed by heat 

2072. A strong analogy appears to subsist between the 
hyposulphuric and sulphovinous acids; and it will probably be 
found that the latter derives its peculiarities from the combina- 
tion of a portion of ethereal oil.J 

2073. When ether is passed over red-hot platinum wire, or 
consumed in the lamp without flame, fig. 34, ( 181 ,) a peculiar 
acid substance is produced, which has been subjected to an 
interesting series of experiments, by Mr J. F. Daniell.§ He 
obtained it by placing the lamp, filled with ether, and properly 
trimmed with a coil of glowing platinum wire, under the head 
of an alembic, in which the vapour was condensed, and collect- 
ed in a phial applied to its beak. 


• Brand*'* Pha rm a cy , 458. f Thornton’* jfnns/t, nit. 44. 

f Amulet do Chirnie, xiii. Quarterly Journal of Science nod the Art*, if. 897. 

$ Quarterly Journal of Science and Art*, ri.>818. 
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Lampic acid, for so Mr Daniell has termed this product, is Lampic ad*, 
colourless, sour, and pungent; its vapour is very irritating, and 
its specific gravity, when purified by carefully driving off a . 
portion of alcohol which it contains, is about 1,015. It reddens 
Tegetable blues, and decomposes the alkaline carbonates with 
effervescence. 

Mr Daniell has described many of the combinations of this 
acid, which he terms lampates, and has given some experi- 
ments upon its composition, whence he deduces its ultimate 
components, as follow : 

1 proportional carbon . * . . S Composite. 

1 — hydrogen ... 1 

I — water .... 9 

16 

When lampic acid is added to the solutions of silver, gold, 
platinum, mercury, and fcopper, and the mixture heated, the 
metals are thrown down in the metallic state. 

On distilling the lampate of mercury , made by digesting 
the peroxide of mercury in the acid, Mr Daniell obtained the 
concentrated or pure lampic acid, in the form of a very dense 
liquid with an intensely suffocating odour. 

b . Nitric Ether. 

2074. When strong nitric acid and alcohol are mixed in 
equal proportions, a violent action presently ensues ; there is a 
very copious evolution of an inflammable aeriform body, which > 
has been called nitrous etherized gas , and which appears to be 

a compound of nitrous ether, and nitric oxide. If we endeav- 
our to condense the volatile products, we find that the receiver 
contains alcohol, water, nitrous ether, nitrous acid, and acetic 
acid ; and that the greater portion of the true ether has made 
its escape with the gaseous products. Thenard has paid much 
attention to this subject, and has given the following process 
for obtaining nitric ether.* 

Introduce into a sufficiently capacious retort equal weights t . 
of alcohol, (specific gravity 820) and of nitric acid of commerce ****** 00 * 
(specific gravity 1,30) and connect it with five Woulfe’s bottles, 
the first of which is empty, and the remaining four half filled 
with a saturated solution of salt in water. Apply a gentle heat 
to the retort, till the liquor begins to effervesce; then withdraw 
the fire, and the gaseous matter passing through the bottles, 
which should be kept cold by ice, deposits the ether upon the 
saline solution, from which it is to be decanted, shaken with 
chalk, and re-distilled at a very gentle heat.t 

2075. Nitric ether, thus prepared, has the following proper- 
ties: It has a very powerful ethereal odour; its colour is pale 

* M6m* d'Arcoeil, Tom. i, and Trait6 de Chim. iii. 

tSee description of an apparatus for this process* by Dr Hare in Jtm. Jwr. rol. ii. p. 336. 
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yellow ; its taste very pungent ; its specific gravity above that 
of alcohol, but less than that of water. It is more volatile than 
sulphuric ether, and the heat of the hand is sufficient to pro- 
duce its ebullition. It is soluble in 48 parts of water ; and in all 
proportions in alcohol ; this last solution is the spiritus etheris 
nitrosi , or sweet spirit of nitre of the Pharmacopoeia . It is 
decomposed by keeping, and nitric and acetic acids are formed 
in it According to Thenard, nitric ether consists of 


Oxygen . . 


Carbon . • 


Nitrogen • • 


Hydrogen . 

• • * • • . 8,54 


100,00 


Dr Thomson* concludes, from analogy, that nitric ether con- 
sists of 4 proportionals of olefiant gas v = 28, and 1 of nitric acid, 
= 54 ; or, of 

4 proportionals of hydrogen 1X4=4 


4 


6 X 4 = 24 

1 

nitrogen 

.... 14 

5 

oxygen 

8 X 5 ss 40 



82 


2076. When nitric acid, holding mercury or silver in solu- 
tion, is added to alcohol, a white precipitate is formed during 
the effervescence that ensues, which is possessed of powerful 
detonating properties. (1537 & 1588). 

c. Muriatic Ether. 

2077. Muriatic ether was thus obtained by Thenardt: Equal 
measures of strong liquid muriatic acid, and highly rectified 
alcohol, are put into a retort communicating with a receiver, 
from which a tube passes into a Woulfe’s bottle containing warm 
water, and having a tube of safety : from this there issues a 
bent tube passing into a bottle surrounded by ice. On applying 
heat to the retort, a portion of alcohol and acid pass into the 
first receiver, and the ether in a gaseous state escapes through 
the warm water and the bent tube, and is condensed in the cold 
vessel. 

2078. At a temperature somewhat below 70° muriatic ether 
passes into the state of vapour, of which the specific gravity is 
about 2,220, that of air being 1,000; it is highly inflammable, 
its taste sweetish and ethereal, and it is soluble in its own bulk 
of water at 64°. Its specific gravity in a liquid state, at 40°, is 
,870. It is remarkable that this ether does not affect vegetable 
blues, nor does it afford traces of chlorine to the usual tests; 
but, when burned, muriatic acid is immediately perceptible. 

* System, ro). li. p. 841. f Momoires d» ArcueU, Tom. i. 
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3079. According to Thenard, this ether, contains 


Muriatic acid • . 

29,44 

Carbon .... 


Oxygen .... 


Hydrogen • • • • 



100,00 




Dr Thomson considers muriatic ether as a compound of four 
proportionals of olefiant gas, and one of muriatic acid ; hence it 
would contain 


5 proportionals of hydrogen 1X5= 5, 
4 ■ . ■■■ carbon 6 X 4 = 24, 

1 ■ ■ chlorine . ... 36 
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d. Htdriodic Etheb. 


2080. By distilling two measures of alcohol, with one of 
concentrated liquid hydriodic acid, Gay-Lussac obtained an 
ethereal liquid, of a specific gravity of 1,920 at 72°, and re- 
quiring a temperature of 148° for its ebullition. Its properties 
have not been very satisfactorily investigated, nor have any 
accurate experiments demonstrated its composition.* 


• Acetous Fermentation . 

2081. When any of the vinous liquors are exposed to the 
free access of atmospheric air at a temperature of 80° or 85°, 
they undergo a second fermentation, terminating in the pro- 
duction of a sour liquid, called vinegar . During this process 

a portion of the oxygen of the air is converted into carbonic “*** 
acid; hence, unlike vinous fermentation, the contact of the 
atmosphere is necessary, and the most obvious phenomenon is 
the removal of carbon from the beer or wine. Vinegar is 
usually obtained from malt liquor or cider, while wine is em- 
ployed as its source in those countries where the grape is 
abundantly cultivated. 

2082. The colour of vinegar varies according to the materials 
from which it has been obtained ; thatmanufactured in England 

is generally artificially coloured with burnt sugar : its taste and PT °f" rtiM * 
smell are agreeably acid. Its specific gravity is liable to much 
variation; it seldom exceeds 1,0250. When exposed to the 
air it becomes mouldy and putrid, chiefly in consequence of the 
mucilage which it contains, and from which it may be in some 
measure purified by careful distillation. According to Mr. R. 
Phillips, T when good malt vinegar of the specific gravity of 
1,020 is distilled, the first eighth that passes over is of the 
specific gravity 0,997 ; the next six-eighths are of specific 
gravity 1,0023, and a fluid ounce decomposes 8,12 grains of 
precipitated carbonate of lime. The lightness of the first por- 

* AnoftlM 4« Chiaie, xci. f Remark* on tba London Phannacoporia. 
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tion is owing to its containing alcohol, consequently, in the 
Pharmacopoeia process it is ordered to be rejected. The term 
distilled vinegar , or dilute acetic acid 9 is properly applied to 
the second portion ; it is erroneously called acetic acid , in the 
London Pharmacopoeia . The matter which remains in the 
still is empyreumatic, and generally contains some other vegeta- 
ble acids : when the vinegar has been adulterated, which is not 
unfrequently the case, we sometimes find in it muriatic and 
sulphuric adds. 

2083. Distilled vinegar is colourless, and of a flat acid taste; 
it consists essentially of the real acid diluted with water. To 
obtain acetic acid, or, as it has been sometimes called, radical 

Ac«tic *cad« vinegar , distilled vinegar may be saturated with some metallic 
oxide, and the acetate thus obtained, subsequently decomposed. 

2084. Acetic acid is thus procured by distilling acetate of 
copper , or crystallized verdigris , in a glass retort heated gradu- 
ally to redness : it requires re-distillation to free it from a little 
oxide of copper which passes over in the first instance. Acetic 
acid may also be obtained by distilling acetate of soda or oce- 
tate of lead with half its weight of sulphuric acid : or from a 
mixture of equal parts of sulphate of copper and acetate of lead; 
in these cases, the acid passes over at a moderate temperature. 

2085. A considerable quantity of acetic acid is also now pro- 
cured by the distillation of wood in the process of preparing 
charcoal for the manufacture of gunpowder. The liquor at first 

p . procured is usually termed pyroligneous acid; it is empyreu- 
jrro if»eo «u anc j j m p Ure> an( j 8eve ral processes have been contrived to 

free it from tar and other matters which it contains. It may be 
saturated with chalk and evaporated, by which an impure acetate 
(pyrolignate) of lime will be obtained, and which, mixed with 
sulphate of soda, furnishes, by double decomposition, sulphate of 
lime and acetate of soda: the latter distilled with sulphuric 
acid affords a sufficiently pure acetic acid, which by dilution 
with water may be reduced to any required strength. The 
purification of this acid has been brought to great perfection by 
Dr Bollman. 

2086. The apparatus used in the preparation of this acid is 
” represented by fig. 131 ; a is a section of the cylinder in which 

the wood, deprived of its bark, is placed ; b a different section, 
c the elevation of the furnace, d the outer stopper, e an inner 
shutter which is smeared round its edge with clay-lute, and 
secured to the mouth of the cylinder, f the pipe for conveying 
off the acid into the casks g , which are connected by the tubes 
h y i is the pipe for conveying the tar into the receiver Ar. The 
escape of the elastic fluids is provided for by bent tubes inserted 
in. the casks, and terminating under the surface of water. The 
average quantity of impure acid obtained from each cwt. of wood 
is about four gallons and a half. The crude acid is rectified by 
a second distillation in a copper still.* 

• See Parke«*t Enaji, t SW. * 
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2087. Acetic acid obtained by these processes is transparent Properties 
and colourless, its odour highly pungent and iU blisters and 
excoriates when applied to the skin. Its specific gravity is 
1,080. It is extremely volatile, and its vapour readily burns. 

It combines in all proportions with water, and when considera- 
bly diluted, resembles distilled vinegar. When highly concen- 
trated, it crystallizes at the temperature of 40°, but* liquefies 
when Rs heat is a little above that point. * 

The most probable constitution of acetic acid, derived from 
the analysis of its salts, is the following : 


Atoms. 


Carbon • • • 

4 . 

. . 24 . . 

. 49 

Oxygen . . • 

3 . 

. . 24 . . 

. 48 

Hydrogen • • 

2 . 

. • 2 . • 

4 



SO 



Its equivalent, according to this view of its composition is 
50. H. 2. 347. 

2088. The acetates are all soluble in water, and mostly very Ac#ulMf 
soluble : many of them are deliquescent, and difficultly crystal- 
lizable ; they are decomposed by sulphuric acid, and when sub- 
mitted to destructive distillation, furnish a modified vinegar, 
which has been termed pyroacetic acid or spirit : these decom- 
positions have been fully investigated, and the properties of the 
pyroacetic spirit inquired into, by Mr Chenevix.* 

The following are among the most important of the acetates : 

2089. Acetate of Ammonia is a very deliquescent, soluble 
salt, and extremely difficultly crystallizable. In solution, 
obtained by saturating distilled vinegar with carbonate of ammo- 
nia, it constitutes the ammonise acetas liquidus Af the U. S.P. 
which has long been used in medicine as a diaphoretic, under 
the name of spirit of Mindererus. 

2090. Acetate of Potassa is usually formed by saturating —ofpotas*®. 
distilled vinegar with carbonate of potassa, and evaporating to 
dryness. If this salt be carefully fused, it concretes into a 
lamellar deliquescent mass on cooling. It is the terra foliata 
tartari , and febrifuge salt of Sylvius of old pharmacy. It 
dissolves in its own weight of water at 60°, and the solution has 

an acrid saline taste. It consists of one proportional of each of 
its components. 

2091. Acetate of Soda forms prismatic crystals, not deli- 
quescent, of an acrid bitterish taste, and soluble in rather less ~ of *° a * 
than three parts of water at 60°. It is the terra foliata crys - 
tallisata of old writers. It consists of 32, soda + 50 acetic 

acid. 

2092. Acetate of Lime , is a difficultly crystallizable salt, 
readily soluble in water, and of a bitter saline taste ; consisting 
of 28 lime + $0 acid. It is sometimes obtained by saturating 
the vinegar formed during the distillation of wood, and 

* Aimaks d« Cbiarie, xlir. 
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— of Iron. 


— of Zinc* 


— of Tin. 


— of Copper. 


employed in the preparation of acetate of alumina , which it 
used by the calico-printers as a mordant. 

2093. Acetate of Baryta furnishes aicular crystals of a soar 
and bitterish taste : in cold weather the concentrated solution 
congeals into a silky congeries of crystals. It requires rather 
more than its own weight of water at 60° for solution, and con- 
sists of 50, acid + 73, baryta.* 

2094. Acetate of Iron. The acetic acid combines with 
both oxides of iron. The protacetate is formed by digesting 
sulphuret of iron in acetic acid ; it yields green prismatic crys- 
tals, of a styptic taste, and readily soluble in water; the solu- 
tion becomes brown by exposure to air, and passes into 
peracetate , which is unerystallizable, and obtained by digesting 
iron in acetic acid. This compound is extensively used by 
calico-printers, who prepare it either by digesting iron in 
pyroligneous acul.or by mixing solution of acetate of lead with 
sulphate of iron, and exposing the filtered solution to air. 

2095. Acetate of Zinc , is formed either by dissolving oxide 
of zinc in acetic acid, or by mixing a solution of sulphate of 
zinc with one of acetate of lead. It crystallizes in thin shining 
plates of a bitter and metallic taste, very soluble, but not deli- 
quescent. This salt is sometimes used in pharmacy, chiefly as 
an external application. According to Messrs Aikin, the 
specific gravity of a saturated solution of acetate of zinc, made 
by digesting the salt in distilled vinegar, is 1055. Of this 
solution 900 grains contain 53 of dry, or 82,6 of crystallized 
acetate. One ounce by measure of the solution weighs 506 
grains, and contains 29,8 grains of dry, or 46,5 grains of crys- 
tallized salt. 

2096. Acetate of Tin . This metal is slowly acted on by 
acetic acid, but a protacetate and peracetate of tin may be 
made by mixing acetate of lead with saturated solutions of the 

E rotomuriate and permuriate of tin. These solutions have 
een recommended as mordants for the use of dyers. The 
protacetate is crystallizable. Vinegar kept in tin vessels dis- 
solves a very minute portion of the metal ; and in pewter ves- 
sels it likewise dissolves a small portion of the lead, where in 
contact both with the vinegar and air; hence distilled vinegar, 
which has been condensed in a pewter worm, affords generally 
traces of both metals.t 

2097 Acetate of Copper . By exposing copper to the 
fumes of vinegar, it becomes gradually incrusted with a green 


• Acotato qf Strontia furnishes small perm* Bent crystals, consisting of 50 »cid 55 strontia. 
Actiatt of Magntna is uucryslallisable, and of a bitterish sweet taste, it consists of 50 acid 9 
magnesia. ActtaU of Monganooo, formed by dissolving tbe protocaibonate in acetic acid, crystallise* 
in rbomboid*! tables, permanent, and of a reddish colour and astringeot metallic taste, soluble in 3 1 S 
parts of water at 60°. They consist of 10 acid and water -f-30 protoxide of manganese John. 
Oehlen*s Journal, ir. 

f Vsoquelin, Ann aUt do Chimit, xxxii. 
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powder called verdigris ,* which is separable by the action of 
water, into an insoluble subacetate of copper , and a soluble 
acetate. 

Acetate of copper may be obtained by digesting verdigris, or 
oxide of copper, in acetic acid ; by evaporating this solution, it 
is obtained in prismatic crystals of a fine green tint. It dis- 
solves sparingly in water and alcohol, and communicates a 
beautiful blue-green colour to the flame of the latter ; by distil- 
lation it affords a very pure acetic acid. 

2098. Acetate qf Lead, is the Sugar of Lead , and Salt of 
Saturn of the old chemists : it may be regarded as the most 
important of the acetates; it is used in pharmacy, and by dyers 
and calico-printers for the preparation of acetate of alumina and 
of iron, which are formed by mixing its solution with that of 
the sulphates of those metals, an insoluble sulphate of lead 
being at the same time produced. Acetate of lead is formed 
by digesting the carbonate in distilled vinegar, or in the acetic 
acid obtained by the destructive distillation of wood ; it usually 
occurs in masses composed of acicular crystals ; but by careful 
crystallization it may be obtained in quadrangular prisms. Its 
taste is sweet and astringent, and it is soluble in about four 
parts of water at 60°. It is sometimes improperly termed a 
superacetate, but the salt is neutral, though when dissolved in 
water containing the smallest portion of carbonic acid, a white 
insoluble compound of lead falls, and a little acetic acid being 
liberdted, the solution is rendered sour. 

Carbonic acid passed through a solution of acetate of lead, 
precipitates, according to Mr James South, exactly half the 
quantity of the oxide which the salt contains ; hence a bin ace - 
tate is probably formed which however does not afford crys- 
tals. 

According to the experiments of Berzelius, acetate of lead 
consists of 

Acetic acid 26,45 


Protoxide of lead 59.25 

Water 14,30 

100 

hence the dry acetate is composed of 

1 proportional of aretic acid 50, 


1 - ■ yellow oxide of lead . • • .112, 

162 

When acetate of lead is submitted to destructive distillation 
it furnishes a considerable* quantity of a peculiar fluid, smelling 
and burning like alcohol.t — Proust, Journal de Physique , 
Tom. lvi. 

• T. — For a doaeriptioo tad analysis of tbo acetates of <*pper saa Thomson's First 

F+mcpUs, ii. 383. 

f Dr Tboaooa has described several acetates of lead, for an account of which see First Principle*, 
rtl u. 
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8099. When 100 parts of sugar of lead are boiled in water 
with about 150 of yellow oxide, or of finely powdered litharge, 
a salt is obtained which crystallizes in plates, and is less sweet 
and soluble than the acetate ; it has been termed subacetate of 
lead , and consists according to Berzelius of 1 proportional of 
acid 50 + 3 proportionals of oxide of lead 336. This com- 
pound has long been used in pharmacy, under the name of 
Oodanfsex ^ ou ^ ar< ^ s extract oj 'lead. It is very rapidly precipitated by 
55/ ,6X ” carbonic acid, of which it is a most delicate test ; it also has a 
strong attraction for vegetable colouring matter, upon which 
principle Mr Brande employed it in his analysis of wioes.*— 
Phil. Trans. 1813. 

of 2100. Acetate of Mercury . • Protacetate of Mercury is 
Morourj. most readily formed by mixing a solution of protonitrate of 
mercury with acetate of potassa. For this purpose dissolve 
three ounces of mercury in about four ounces and a half of cold 
nitric acid, and mix this solution with three ounces of acetate 
of potassa previously dissolved in eight pints of boiling water, 
and set the whole aside to crystallize, which takes place as the 
liquor cools, and the acetate of mercury then separates in the 
form of micaceous crystalline plates, which are to be washed in 
cold water, and dried on blotting paper.t In preparing this 
salt, the quantity of water for dissolving the acetate need not 
be so large as above directed, one pint being sufficient, but it is 
necessary, to pour the mercurial solution into the acetate. This 
salt has an acrid taste,. aud is very difficultly soluble in water, 
requiring according to Braconnot,]: 600 parts of water. It is 
insoluble in alcohol. It was one used in medicine.§ 
or alumina. 8101. Acetate cf Alumina. This salt is extensively em- 

ployed by calico-printers as a mordant or basis for fixing col- 
ours m f they produce it by mixing solutions of alum and acetate 
of lead : about three pounds of alum are dissolved in eight gal- 


* Acetat e of Antimony, formed by digesting the protoxide in acetic acid was once employed aa an 
emetic. Acetat t of Biemuth may be formed by adding nitrate of bismuth to a concentrated adotsM 
of acetate of potassa ; a precipitate falls, which re-dissolves on the application of heat, and afterward* 
affords scaly crystals. The addition of acetic acid to nitrate of bismuth prevents its p re c i p it a tion 
when diluted, (1) Acetate qf Cobalt may be obtained by digesting oxide of cobalt in acetic add ; H is 
uocrystpllixable, and furniahes a sympathetic ink, colourless when cold, but blue when heated. Am- 
to it of Uranium forms four-sided prismatic crystals of a yellow colour. Acetate of TTfeniiins. not 
examined. Acetate of Cerium. Recently precipitated oxide of cerium readily dissolves in sestk 
acid,' and yields small crystals on evaporation, of a sweetish taste, p e rm e a c at, and readily snlubln in 
water. (2)Aeetate of Nickel forms green rhomboids] crystals. 

(1) Morvean, Encycl. Method. Ckimie, 1. 10. 

(f) Hieioger and Berxeliua, Geklen's Journal, it. 414* # 
f Edinburgh Pharmacopoeia. 

\ Annalas de Chitnie, ItixVi. 92. 

f Peracetate of Mercury is formed by digesting the peroxide in acetic acid ; it does not crystsBir*, 
and affords on evaporation a deliquescent yellow mass, which is decomposed by water into • onperyor 
notate, which remains dissolved, and an insoluble eubperacetate. (a)AzetaU of Silver m obtained by 
boiling the acid on oxide of silver, or by mixing solutions of aoetate of potassa and nitrate sf sDvnt . 
\t forma acicular crystals of an acrid metallic taste. 

« Proust, Journal de Pkye. Ivi. 
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Ions of wtter and a pound and a half of sugar of lead stirred 
into it ; a copious formation of sulphate of lead ensues which is 
allowed to subside, and the clean liquor holding acetate of 
alumina and a portion of undecomposed alum in solution, is then 
drawn off, a portion of pearlash and chalk being added to it 
previous to use, in order to saturate any excess of acid. 

Acetate of alumina, formed by digesting recently precipi- 
tated alumina in acetic acid, may be procured in deliquescent 
acicular crystals of an astringent taste, and containing, according 
to Richter, 73,81 acid + 26,19 alumina: hence it is probably a 
binacetate. 

2102, When acetic acid and alcohol are repeatedly distilled to- 
gether, a portion of acetic ether is formed, which has a peculiar 
and agreeable taste and smell, and a specific gravity of about ,860 
at 60°. It boils at about 160°, is highly inflammable, and emits 
acetic acid among its products of combustion. This ether is 
directed in some of the foreign Pharmacopoeias for medieal use, 
and the following is perhaps the best process for its production* 
Introduce into a tubulated retort 3 parts of acetate of potassa, 
3 of alcohol, and 2 of sulphuric acid, and distil to dryness. To 
the product add one-fifth its weight of sulphuric acid, and draw 
off by a gentle heat a quantity of ether equal to that of ths 
alcohol originally employed. 

Acetic ether is much more soluble in water than sulphuric 
ether : according to M. Thenard, water at 60° dissolves about 
a 7,5 part of its weight, and the solution is pqunanent. Caustic 
potassa decomposes it, and forms acetate of pontssa. 

Oxalic, citric, tartaric, and benzoic acids have been employ- 
ed in the formation of ethers; the presence of a mineral acid is 
indispensable to their formation . 111 


CHAPTER VIII. 

\ 

OV ANIMAL SUBSTANCES. 

2103. The different sections of this chapter will contain an 
account of the ultimate and proximate principles of the substan- 
ces belonging to the animal creation, of the different methods 
of analysis by which these principles are obtained, and of such 
of the animal functions as are concerned in their production, 
where these are susceptible of chemical elucidation. 

* Uie’i Dictitnmry, Art. Ether. 

69 
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PROXIMATE PRINCIPLES OF ANIMALS. 


Nitrogtn. 


Aamonia. 


Carborettrd 

hydrogen. 


Putrefaction. 


Section I. Of the ultimate Principles of Animal Matter t 
and of the products of its destructive Distillation . 

2104. The proximate principles of the animal creation con- 
sist, like those of vegetables, of a few elementary substances, 
which by combination in various proportions, give rise to their 
numerous varieties. Carbon, hydrogen, oxygen, and nitrogen, 
are the principal ultimate elements of animal matter ; and phos- 
phorus and sulphur are also often contained in it. The presence 
of nitrogen constitutes the most striking peculiarity of animal, 
compared with vegetable bodies ; but as some vegetables contain 
nitrogfen so there are also certain anipial principles, into the com- 
position of which it does notenter. 

2105. The presence of nitrogen stamps a peculiarity upon 
the products obtained by the destructive distillation of animal 
matter, and which are characterized by the presence of ammo- 
nia, formed by the union of the hydrogen with the nitrogen. 
It is sometimes so- abundantly generated as to be the leading 
product; thus, when horn, hoofs, or bones, are distilled per se 9 
a quantity of solid carbonate of ammonia, and of the same sub- 
stance combined with empyreumatic oil, and dissolved in 
water, are obtained; hence the pharmaceutical preparations 
called spirit and salt of hartshorn , and Dippel’s animal oil . 
Occasionally the acetic, benzoic, and some other acids are 
formed by the operation of heat on animal bodies, and these 
are found united to the ammonia ; cyanogen and hydrocyanic 
acid also frequently occur. 

If the gas evolved during the decomposition of animal bodies 
be examined, it is generally inflammable, and consists of carbu- 
retted hydrogen, often with a little sulphuretted and phosphu- 
retted hydrogen ; carbonic oxide, carbonic acid, and nitrogen, 
are also sometimes detected in it. 

The coal remaining in the retort is commonly very difficult 
of incineration, a circumstance depending upon the common 
salt and phosphate of lime, which it usually contains, forming 
a glaze upon its surface which defends the carbon from the 
action of the air. Animal charcoal is also found to be more 
effectual in destroying colour and smell, than that obtained from 
vegetables. 

2106. By the term putrefaction we mean the changes 
which dead aoimal matter undergoes, and by which it is slowly 
resolved into hew products. These changes require a due 
temperature, and the presence of moisture; for below the 
freezing point of water, or when perfectly dry, it undergoes no 
alteration. 

During putrefaction the parts become soft and flabby, they 
change in colour, exhale a nauseous and disgusting odour. 
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diminish considerably in weight, and afford several new pro- 
ducts, some of which escape in a gaseous form, others run off in 
a liquid state, and others are contained in the fatty, or earthy 
residuum. 

The presence of air, though not necessary to putrefaction, 
materially accelerates it, and those gases which contain no oxy- 
gen, are very efficient in checking or altogether preventing the 
process. Carbonic acid also remarkably retards putrefaction ; 
and if boiled meat be carefully confined in vessels containing 
that gas, it remains for a very long time unchanged, as seen in 
M. Appert , s method of preserving meat. 

There are several substances which, by forming new combi- 
nations with animal matter, retard or prevent putrefaction, 
such as many of the saline and metallic compounds; sugar, 
alcohol, volatile oils, acetic acid, and many other vegetable sub- 
stances also stand in the list of anti-putrefactives, though their 
mode of operating is by no means understood. 

2107. The effluvia which arise from putrescent substances, 
and more especially those generated in certain putrid disorders, 
have a tendency to create peculiar diseases, or to give the living 
body a tendency to produce poisons analogous to themselves. 
An atmosphere thus tainted by infectious matter, may be ren- 
dered harmless by fumigation with the volatile acids, more 
especially the nitrous and the muriatic ; chlorine is also very 
effectual 2 the vapour of vinegar, though sometimes useful in 
covering a bad smell, is not to be relied on. It appears evident 
that the acid and chlorine act chemically upon the pernicious 
matter, and resolve it into innocuous principles. 

2108. When muscular flesh is immersed in a stream of run- 
ning water, it is partially' converted into a substance having 
many of the properties of fat combined with a portion of am- 
monia. The same changes have been observed where large 
masses of putrefying animal matter have been heaped together, 
or where water has had occasional access to it Nitrate of 
ammonia is also sometimes formed under the same circum- 
stances. 

2109. Instead of considering the proximate principles of 
animals under separate sections, as has been done in regard to 
vegetable bodies they may be made known under the heads of 
those substances in which they occur, the principal of which 
are the following: 


1. Blood. Albumen. Colouring Matter. 

2. Milk. Sugar of Milk. 

3. Bile. Renin of Bile. 

4. Lymph. Mucus. Synovia, Pus, &c. 

5. Urine. Urea. Urinary Calculi. 


6. Skin. Membrane. 

7. Muscle. Ligament. Horn. Hair. 

8. Fat. Spermaceti, Ac. 

9. Cerebral substance. 

10. Shell and Bone. 



Antiseptics. 


Effect of the 
eflluria. 


Fumigation. 


Adipocore. 
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ALitnuir. 


Section II. Of the Blood. 


Properties ef 


Albumen. 


2110. Iff the higher orders of animals the blood is of a red 
colour, florid in the arteries, and dingy in the veins. The 
specific gravity of human blood is liable to some variation. I 
have found it as low as 1,050 and as high as 1,070, but am am- 
ble to refer to any circumstances which might be considered at 
the cause of this difference. (Bbahbs.) 

When blood is drawn from its vessels in the living animal, it 
soon concretes into a jelly-like mass, which afterwards gradually 
separates into a fluid serum , of a pale straw colour, and a coag- 
ulated crassamenium or cruor, which is red. The cause of 
this coagulation is quite unknown. 

2111. The specific gravity of the serum of the blood, is upos 
an average 1,030. It reddens the yellow of turmeric, aod 
changes the blue of violets to green, a property derived from a 
portion of soda. At a temperature of 160°, it becomes a firm 
yellowish white coagulum, resembling in appearance and prop- 
erties the coagulated white of egg, and, as the principle to 
which this property is owing is the same in both substances, it 
has been called albumen . Alcohol, and many of the acids, abo 
occasion the coagulation of the serum of blood. 

100 parts of human serum contain between eight and niao 
parts of albumen, rather less than one part of carbonate of soda, 
and about the same quantity of common salt, the remaining 90 

S arts being water. These at least are the proportions which 
Ir Brande’s experiments lead him to believe oorrect; but (he 
analysis is involved in so much difficulty that he consider! 
the results only as approximating to the truth ; indeed it if 
probable that the composition of the serum is liable to mach 
variation.* 

2112. Albumen , which constitutes a leading ingredient is 
the serum, and which we shall presently find also in the croor, 
is a very important animal principle, and is found in the greater 
number of animal fluids and solids. 

Liquid Albumen is soluble in water, and always contains i 
notable portion of soda, indicated by its action on vegetable 


• Dr Marat aod Berzelius hare each given aa analysis of the s 
are their results. 


s of human blood j tbefoBarhl 


JtmrtL 


Water 


Muriates of p et a see aad soda 

Muco -extractive matter • • 
Carbonate of soda .... 
Sulpbato of potasea . . . 
Earthy phosphates . . . 


ooo. 

$6,1 

6.6 

4,0 

1.66 

0.35 

0,60 


Ber x tkm. 

Water SfJ 

Albumen 

Muriates of potasea and Soda 


IM 

M 


Lactate of soda, with animal matter . < *«• 

Soda and phosphate of soda with ditto • 

Loss 41 


1000.0Q 

Medioo Cbirwfical Transaction*, Vol. 1L Annals of Philosophy, VoL a. 
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colours. It is coagulated by beat, acids, and alcohol, unless it 
be considerably diluted with water, in which case a portion 
separates in the form of white flakes after some hours’ stand- 
ing. Solution of corrosive sublimate, added to albumen, very 
much diluted, produces a cloudiness, and hence it is a useful 
test of albumen.* It is also instantly coagulated by Voltaic 
electricity ; and if two platinum wires connected with a small 
battery be immersed into a diluted albumen, it will cause a very 
rapid coagulation at the negative pole, and scarcely any effect at 
the positive pole. This circumstance induced Mr Brande to 
attribute the coagulation to the removal of the alkali, by alcohol, 
and by acids ; but how heat operates is not very obvious, un- 
less we be allowed to consider it as effecting a kind of decom- 
position of the liquid albumen. We might thus consider liquid 
albumen as a compound of albumen and soda dissolved in 
water : the effect of heat would then be to transfer the soda to 
the water, and thus occasion a coagulation ; and a solution of 
soda is always found oozing from coagulated serum, and has 
sometimes been called serosity ; in time it re-acts upon the 
coagulum, and dissolves a portion of it. 

2113. When albumen is dried in a moderate heat, it shrinks 
and becomes brown and semi-transparent, resembling horn in 
appearance and properties. In this state it scarcely dissolves 
in boiling water, though it gradually softens ; it is not prone to 
decomposition ; it dissolves in the alkalies, a portion of ammonia 
being evolved and a saponaceous compound formed. Dilute 
nitric acid converts it into a substance having the properties of 
gelatine.t 

By destructive distillation albumen furnishes a variety of 
products characterized by the presence of a large proportion of 
ammonia. According to Gay-Lussac and Thenard, (Recherches 
jPhysico-chymiqties) its ultimate constituents are 

Carbon • 62,883 

Oxygen 23,872 

Hydrogen .......... 7,540 

Nitrogen 15,705 

100,000 

2114. When the coagulum of the blood is carefully washed 
under a small stream of water, the colouring matter is gradually 
dissolved, and washed out of it, and a white fibrous substance 
remains, which has been termed Jibrina or coagulable lymph , 
but of which the chemical properties are those of albumen. 

It sometimes happens, when the blood is long in coagulating, 
as in certain inflammatory diseases, that a portion of this albu- 
men is left without the colouring matter, forming what has 
been called the buffy coat of blood ; in this case it is so tough 
as to admit of being removed from the coloured portion, and 
when dried, shrinks up, and appears exactly like horn. 

• Bortock, Nicholson’* Journal, air. f Hatchett, Phil. Tram. 1G00. 
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COLOURING MATTXR 0T BLOOB. 


Colour: of 
matter. 


A peculiar 
principle. 


Although the cause of the spontaneous coagulation of Mood 
be unknown, the process consists in a portion of the albumen 
separating in a solid form along with the colouring matter, while 
another portion remains dissolved in the serum ; this effect is 
somewhat analogous to the crystallization of a saline solution, 
in which one portion of the dalt separates, while another re- 
mains dissolved. 

2115. The colour of the blood has generally been referred to 
small globules of a red colour, which by the aid of the micro- 
scope may be discerned ip it ; and it was supposed that these 
globules are soluble in water. But it has been shown by Dr 
Young, that this is not the case, and that the effect of water is 
to dissolve the colouring matter only, leaving the globule per- 
fectly colourless ; in this state the globular particles have the 
properties of albumen. The diameter of globules in human 
blood varies from v to of an inch.* 

The colouring matter of the blood can scarcely be obtained 
free from other substances. By stirring it during coagulation, 
a considerable portion is diffused through the serum from which 
it afterwards subsides. Vauquelin advises the digestion of the 
coagulum, drained of serum, in dilute sulphuric acid, at a tem- 
perature of 160°. The liquid, filtered while hot, is to be evap- 
orated to half its bulk, and nearly saturated witji ammonia; the 
colouring matter falls', and is to be washed and dried.t We 
must not, however, trust animal principles to these complex 
operations ; and there can be little doubt that the colouring 
principle has undergone some change in M. Vauquelin^ pro- 
cess. 

The chemical properties of the colouring matter of the blood 
show that it is a peculiar animal principle. It is soluble in cold 
water, and the solution, when boiled, deposits a brown sedi-, 
ment of altered colouring matter. Muriatic, dilute sulphuric, 
and several of the vegetable acids, and the caustic and carbon- 
ated alkalies, readily dissolve the colouring matter, and form 
solutions of different tints of red, and of a peculiar greenish hue 
when viewed by transmitted light. Nitric acid instantly ren- 
ders these solutions brown, and decomposes the red principle. 
These experiments, of which a detailed account is given w 
the Philosophical Transaclions for 1812, led Prof. Brandeto 
regard the colouring matter of the blood as a distinct proximate 
principle of animal matter, perfectly independent of the pr* 
sence of iron, to which its peculiarities were at one time refer- 
red by M. M. Fourcroy and Yauquelin ; and the latter of these 
chemists has more lately verified Prof. Branded conclusions m 
the above-quoted memoir. Berzelius, whose labours in animat 
chemistry are so extended and well known, has, however, 

* Remarks on Blood and Pus, in Dr Young*! Jtf tdical LiUrmturt. 

f Ann. do Chim. ot Fkji. Tom. L 
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obtained different results ; he finds the crassamentum of the 
blood to consist of 


Colouring matter 64 

Fibrin and albumen 36 


100 

The colouring matter, when incinerated, affords a residue, 
consisting of 


.Oxide of iron . . 50,0 

Spbpbopphate of iron 7,5 

Phosphate of lime with magnesia . . . 6,0 

Lime 20,0 

Carbonic acid and loss 16,5 


100,0 

The iron appears to be regarded by Berzelius as contributing 
to the red colour of the blood,* a conclusion which Prof. 
Brande’s experiments, detailed in the paper already quoted, 
by no means warrant, and which is also at variance with the 
opinion of M. Vauquelin. 

2116. Besides the principles now enumerated, and which 
may be considered as essential to the blood, it often contains 
carbonic acid, which escapes when the blood is gently heated, 
or placed under the exhausted receiver of the air-pump. 

Experiments on the blood, in different diseases, have thrown 
no light whatever on thdr nature, nor have any material differ- 
ences been found in the blood of the same animal at different 
periods, or in that of different animals of the same class. 


Section III. Milk. 

2117. The chemical properties of thisi secretion differ some- 
what in different animals. The milk of the cow has been most 
attentively examined, and it has the following properties : 

It is nearly opaque ; white, or slightly yellow ; of an agree- 
able sweetish taste, and a peculiar smell. Its specific gravity 
varies from 1018 to 1020. It boils at a temperature a little 
above that of water, and freezes at 32°. When allowed to re- 
main a few hours at rest, a thick unctuous liquid collects upon 
its surface called cream ; the colour of the remaining milk be- 
comes bluish white and when heated to about 100° with a little 
rennet , it readily separates into a coagulum or curd , and a 
serum or whey . In this way the three principal constituents 
of milk are separable from each other. 


* Thamtoo, System, vol. It. p. SOI. 
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SI 18. By the process of churning, cream is separated into 
butter^ and butter-milk, the latter being the whey united to a 
portion of curd.* 

Butter may be considered as an animal oil, containing a small 
portion of curd and whey. It liquefies at about 98°, and by 
this process the impurities are separated, and it remains a longer 
card. time without becoming rancid. 

SI 19. The curd of milk has the leading properties of coagu- 
lated albumen, and, like that principle, is coagulable by alcohol 
and acids, and is also similarly affected by Voltaic electricity; 
heat slowly produces the same effect, and by boiling milk, the 
cheete. albumen separates in successive films. 

S1S0. Curd, in combination with various proportions of but- 
9 ter, constitutes the varieties of cheese ; that containing the 
' largest quantity of oil becomes semi-fluid when heated ; it is 
prone to decomposition, and a large quantity of ammonia is 
then formed in it ; whereas bad cheese, which consists of little 
else than curd or albumen, shrinks and dries when heated, curi- 
whey. ing up like a piece of horn. 

2121. Whey is a transparent fluid of a pale yellow colour and 
a sweetish flavour ; by evaporation it affords a minute quantity 

fiogarofnDk. of saline matter, and a considerable portion of sugar of milk. 

2122. Sugar of Milk may be obtained in white rhomboidal 
crystals, of a sweet taste, and soluble in seven parts of water at 
60°, but insoluble in alcohol. When exposed to heat, it affords 
nearly the same products as common sugar. It consists, accord- 
ing to Berzelius, when deprived of water, of 

Carbon 45,267 

Oxygen 48,348 

Hydrogen ........ 6,385 

100,000 

AatioDof 

mute meid. 2123. When sugar of milk is treated with nitric acid, it 

affords a peculiar acid, similar to that above-mentioned, as 
obtained from gum (1785). To procure this acid, one part of 
powdered gum arabic may be digested in two of nitric acid, 
in a moderate heat ; as soon as effervescence commences, set 
the flask in a cool place, and a quantity of white powder sub- 
sides, which is to be collected upon a filter, digested in dilute 
nitric acid to separate oxalate of lime, and subsequently purified 
Uteicacid. by boiling water, which deposits the mucic or sadaclic acid 
on cooling. If sugar of milk be used instead of gum, it is ob- 
tained pure by the first operation. This acid is not crystallisa* 
ble, and is sparingly soluble in water, requiring 60 parts at 
212°, and is deposited as the solution cools, iu the form of a 
white gritty powder, of a slightly acid taste. It combines with 

* According to Berzelius, 100 ports of cream, of the specific gravity of 1034, consist of 


Butter 4,6 

Curd 3,5 

Whey W,0 


100*0 


Digitized by LjOOQle 



SILK. 


553 


tho metallic oxides, and forms a class of salts called aaccholates. 
It consists, according to Berzelius,* of 

Carbon 33,430 

Oxygen . . . 61,465 

Hydrogen ........ 5,105 

100,000 

2124. The saccholates , or saclactaies , have scarcely been 
examined. With ammonia, potassa, and soda, this acid forms 
crystallizable compounds, more soluble than the acid. The 
saclactates of lime, baryta, and strontia, are insoluble, as are 
those of silver, mercury, and lead. 

2125. When milk or whey are exposed to a temperature be- 
tween 60° and 80°, they undergo a spontaneous change, attend- 
ed by the production of an acid, which was originally examined 
by Scheele, and has been termed lactic acid. Fourcroy and 
Vauquelin have shown reason to suspect its peculiar nature, and 
were* led to regard it as identical with the acetic acid. Berze- 
lius has more recently revived the opinion of Scheele, but Prof. 
Brande is induced from his own experiments to believe, that 
if it be not the acetic acid originally, it becomes so by combi- 
nation with a base, and subsequent separation by sulphuric acid. 

2126. In some cases whey may be made to undergo vinous 
fermentation ; and the Tartars, it is said, prepare a kind of wine 
from the whey of mare’s milk, which they call Koumiss. t 


Section IV. Bile. 

2127. This secretion is formed in the liver, from venous 
blood. It is an unctuous liquid, of a yellowish green colour, 
and its specific gravity is between 1020 and 1030. Its taste is 
intensely bitter, and it readily putrefies, exhaling a most nause- 
ous odour. 

2128. When the bile of the ox is distilled, it affords about 90 
per cent, of insipid water ; the residuum is brown, bitter, and 
may be re-dissolved in water ; it affords traces of uncombined 
alkali, which appears to be soda. The acids render bile turbid, 
and separate from it a substance which possesses many of the 
properties of albumen. It is likewise coagulated by alcohol, 
and upon filtering off the clear liquor and evaporating it, an in- 
flammable fusible substance is obtained, of an intensely bitter 
flavour, combined with a portion of soda and common salt : this 
has been termed the resin qf bile , and appears to be the prin- 
ciple which confers upon it its chief peculiarities. We should, 
therefore, conclude, as the result of these observations, that bile 
consists of water, albumen, soda, a bitter resin, and some minute 
portions of saline matter. 

• Anntb of Pbiloeophy, toL t. t EdinborjJi Phil. Tim rol. U. 

70 
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Picromel 


Biliary cal- 
culi. 


Celeste na«. 


Lymph. 


Mucus. 


LYMPH, MUCUS, PUS, &C. 

2129. Thenard separated from bile a peculiar substance, 
which he has termed picromel ; but the process by which he 
obtained it is so complex, that it is doubtful whether it be a 
product or an educt. 

2130. Biliary Calculi are of two kinds ; those which most 
commonly occur, are soft, fusible, and of a crystalline texture, 
and inflammable. They have generally been considered as 
closely resembling spermaceti ; they are soluble in boiling alco- 
hol, in ether, and difficultly in oil of turpentine. Chevreul, 
having remarked some peculiarities in this substance, is induced 
to regard it as a peculiar animal principle, and distinguishes it 
by the name of choleslerine . 

2131. Cholesterine is fusible at 280°, and on cooling con- 
cretes into a crystalline mass ; rapidly heated to about 400° it 
evaporates in dense smoke ; it is insoluble in water, and nearly 
so in cold alcohol ; boiling alcohol dissolves about ^ its weight 
It is soluble in nitric acid ; but not convertible into soap by the 
alkalies. 

2132. The other kind of biliary calculus resembles inspissated 
bile in appearance, but differs from it in being insoluble in alco- 
hol and water. It is often mixed with variable proportions of 
the former, constituting biliary calculi of intermediate charac- 
ters. 

2} 33. The gall-stone of the ox is nearly insoluble in water 
and alcohol, and appears to consist chiefly of the yellow matter 
of bile ; painters sometimes use it as a yellow pigment. 


Section V. Lymph , Mucus , Pus, fyc. 

2134. The liquid which lubricates the different cavities of 
the body, which is contained in the lymphatics, and which 
occasionally forms the chief contents of the thoracic duct, has 
been termed lymph . It is colourless, transparent, miscible in 
all proportions with water, does not affect vegetable blues, is 
not coagulated by acids or alcohol, but only rendered slightly 
turbid by the latter. It has the characters of a very weak 
solution of albumen. 

The fluid which collects in cases of dropsy and in vesica- 
tions is of .a similar nature, but the proportion of albumen 
is liable to variation, and hence it is differently influenced by 
tests ; when very rapidly thrown out from inflamed surfaces, it 
sometimes furnishes a coagulum, apparently as abundant as that 
of the serum of the blood. 

2135. The term mucus has sometimes been applied to these 
fluids when they have undergone a certain degree of inspissa- 
tion ; at other times, it has been used to designate a very alka- 
line albuminous fluid. Dr Bostock has pointed out some cir- 
cumstances in which mucus differs from liquid albumen, and 
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has proposed subacetate of lead as a test for its presence.* But 
that salt is so easily decomposed by many vegetable and animal * 
substances, as to render it of doubtful efficacy for this pur- 
pose* ^ * Saliva. 

2136. Saliva consists, according to Dr Bostock,t of 

Water 80 

Coagulated albumen ........ 8 

Mucus It 

Saline substances I 

100 

Prof. Brande found that it was copiously coagulable by the 
action of Voltaic electricity, and was hence induced to consider 
the mucus as a peculiar albuminous combination, not coagula- 
ble by the usual mean$4 

$137. The Pancreatic juice has not been minutely examin- Paacrell i c 
ed, but from the experiments of Dr Fordyce, it would appear to 
differ little from saliva. 

2138. Tears contain a small portion of albumen combined Tetn< 
with soda, muriate of soda, and water. There are also small 
portions of other salts. 

2139. The humours of the eye. The aqueous humour is Homoart 
-composed of water holding a minute quantity of albumen and lhcE y«- 

saline matter in solution ; the crystalline lens also contains 
more than half its weight of water, the remainder being an 
albuminous substance with traces of muriates. 

2140. Synovia is the fluid which lubiicates the surfaces of synoru. 
joints. It contains, according to Mr Hatchett, § a small por- 
tion of phosphate of lime, and of phosphate of soda and ammo- 
nia ; the animal principle appeared to be albumen. 

2141. Pus is a term applied to a variety of secretions from Pu ^ 
abscesses and ulcerated surfaces. When it indicates a healing 
sore, it has been called healthy pus 9 and has the following 
properties. It has the consistency of cream, a yellowish col- 
our, and exhibits, under the microscope, the appearance of 
globules diffused through a fluid.|| Its specific gravity is about 
1,030. It does not affect vegetable colours till it has been some 
time exposed to air, when it becomes slightly sour; it does not 
easily mix with water, alcohol, or dilute acids.V 

2142. Formic acid 9 or acid of ants. This is a peculiar acid 
which exists in the red ant; it was examined by Fourcroy and 
Vauquelin who inferred that it is merely a mixture of acetic 
and malic acids. Dobereiner has formed it artificially, by 
slightly heating bi-tartrate of potassa or tartaric acid with black 
oxide of manganese. A great quantity of carbonic acid escapes, 
and a sour colourless liquid distils, which is formic acid. It 

♦ 

* Nicholson's Journal, to), ii. f Nicholson's Journal, rol. sir. 

X Phil. Trent. 1809. $ Phil. Tram. 1799. 

|J Home, On Ulcert, 2 Edik p. IS. 

IT See Dr Pearson's ErptrimtnU on Put, Nicholson’s Journal, nx. 
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may be obtained from red ants by infusing them in warm water 
and distillation. It is regarded as a secretion and as consti- 
tuted of 

Atom*. 

Carbon .»«..«X...... 12 

Oxygen 3 ...... 24 

Hjdrogen I 1 

* „ 37 

Or as constituted of 1 volume of the vapour of water + 2 vol- 
umes of carbonic oxide gas.* Its compounds are termed For - 
miates. 

cutoriM. 2143. Castorine is a new animal principle which was dis- 
covered by M. Bizio in Castor, and is prepared by boiling cas- 
tor in 6 times its weight of alcohol ; the filtered liquor is set 
aside for two or three days, when castorine is deposited in 
irregular masses. It is very sparingly soluble in water, more 
so in alcohol, and its solution in the latter affords prismatic crys- 
tals of a white colour. It burns with a brilliant light, and 
appears to consist of carbon, hydrogen and oxygen alone. 


Section VI. 


Urine , Urinary Calculi , fyc. 


Urine. 


Substances 
found in it. 


2144. This secretion presents, perhaps, greater difficulties to 
the analytical chemist, than any other animal product ; it is ex- 
tremely complex, and subject to constant change in the propor- 
tions of its components, and in disease several new substances 
make their appearance. 

The chemical history of the urine is of the utmost importance 
to the medical practitioner ; it teaches the nature of the sub- 
stances which occasionally predominate, so as to constitute 
gravel and calculi ; and shows the means of influencing and 
modifying its composition. 

The general characters of the urine are too well known to 
need description. Its specific gravity is of course liable to 
much variation even in the healthy state, fluctuating between 
1005 and 1040. The average is about 1020. 

2145. The substances that are always found in urine are, 
according to Prof. Brande’s experiments, the following : 


1. Water. 

2. Carbonic acid. 

3. Phosphoric acid. 

4. Uric acid. 

5. Phosphate of lime. 

6. Phosphate of ammonia. 

2146. The existence of fi 
easily demonstrated by its 


7. Phosphate of soda. 

8. Phosphate of magnesia. 

9. Common salt. 

10. Sulphate of soda. 

11. Albumen. 

12. Urea. 

ee acid in recently voided urine is 
property of reddening vegetable 


♦ Asa. of Philos. N. 3. is. 390. 
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bhies, and it performs the important office of retaining some 
difficultly soluble salts in permanent solution ; so that whenever 
this natural acidity is diminished, the urine has a tendency to 
deposit the earthy phosphates. 

2147. The presence of carbonic acid may be shown by ■ Carbonic 
placing urine under the receiver of the air-pump ; during ex- 
haustion it escapes, sometimes copiously, but at other times in 
minute quantities only. 

2143. The free Phosphoric acid may be shown by the addi- ™ •J phoric 
tion of carbonate of lime, a portion of which is converted into 
phosphate of lime. 

2149. Uric acid is one of the peculiar characteristics of the uricacid. 
urine ; its presence may be shown by evaporating urine to half 
its bulk, which produces a precipitate consisting of phosphate 
of lime and uric acid ; the former may be dissolved by dilute 
muriatic acid, which leaves the latter in the form of a reddish 
powder. This acid has been very ably examined by Dr Henrj', 
who made it the subject of a thesis published in 1807 : Dr 
Prout has also given much valuable information in 'relation 
to it. 

Uric acid, called sometimes lithic acid, as* constituting the How obtaio- 

I irincipal ingredient in certain urinary calculi, may be abundant- <d * 
y obtained by digesting such calculi (2163) in caustic potassa, 
filtering the solution, and adding excess of muriatic acid, which 
causes a precipitate of uric acid, which is to be washed with 
warm water, and dried* 

Uric acid, thus obtained, is a grey powder, of scarcely any p^pertu*. 
taste, and requiring according to Dr Henry 1720 parts of water 
at 60°, and 1150 parts at 212° for solution. It reddens infusion 
of litmus, and readily dissolves iivcaustic potassa, and soda ; it 
is sparingly soluble in ammonia, and insoluble in the alkaline 
carbonates. 

According to Dr Prout, uric acid requires at least 10000 
parts of water at 60° for its solution, but urate of ammonia 
requires only about 480 times its weight at the same tempera- 
ture, and affords a precipitate of uric acid, on the addition of 
any other acid ; for these, among other reasons, Dr Prout re- 
gards urate of ammonia, and not pure uric acid, as existing in 
urine. 

2150. Uric acid dissolves in nitric acid, and upon evapora- 
tion a residuum of a fine red tint is obtained, which is pecu- 
liar to ^his combination, and which Dr Prout has lately shown p 
to possess distinct acid properties; he has called it purpuric tcuT™ 
acid.* 

2151. When uric acid is submitted to destructive distillation, 
it affords carbonate of ammonia, and a peculiar compound, which 
sublimes in crystals, and which, according to Dr Henry, con 
sists of a peculiar acid united to ammonia ; a quaqtity of char- 

• Phil. Trans. 1819. 
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UHEA. 


Phosphate of 
line. 


— of ammo- 
nia, fcc. 


Ammoniaco- 

mafoesiea 

phosphate. 


Sulphuric 

acid. 


Albuminoua 

matter. 


Urea. 


coal remains in the retort. Its ultimate constituents! according 
to Dr Prout, are 


1 proportional of nitrogen 14 

2 — carbon 6X2 = 12 

1 ■- ox j gen ■■ ■ ■ 8 

1 ■ ■ ■ — hydrogen ■■ ■ — 1 


35® 

2152. Phosphate of Lime may be precipitated from urine by 
the addition of ammonia; its relative quantity is liable to much 
fluctuation ; sometimes it becomes so great as to be deposited as 
the urine cools, constituting what has been termed white sand. 

2153. The Phosphates of Ammonia , of Soda, and of Mag- 
nesia, and common Salt, constitute the principal crystalliza- 
ble salts contained in the urine ; the first of these is probably 
in great part produced during evaporation, for the saline mass 
obtained by inspissating urine is no longer acid ; the carbonic 
having escaped, and the phosphoric being saturated by ammonia. 
The microcosmic salt, or fusible salt of urine, of the old 
chemists, is chiefly phosphate of ammonia with a little phosphate 
of soda, or perhaps a triple ammonio-phosphate of soda . (920). 

2154. The Ammoniaco-magnesian Phosphate ( 1061) is a 
common, and almost constant ingredient in urine. It forms a 
part of the white sand voided in certain calculous affections, 
and is sometimes formed in a film upon the surface of the 
urine, having been held in solution by carbonic acid, and being 
deposited as that gas escapes. 

2155. The existence of Sulphuric acid , probably combined 
with soda , and perhaps also with potassa , may be detected in 
urine by the addition of nitrate of baryta, which occasions a 
precipitate of sulphate of baryta. 

As urine blackens silver, it has been said to contain sulphur ; 
but this is not the case with recent urine, and when it becomes 
slightly putrid it evolves a little sulphuretted hydrogen. 

2156. The existence of albuminous matter in urine is some- 
times easily demonstrated ; at others, the secretion seems not 
to contain it. It has been said, by Mr Cruickshank, that the 
urine in some dropsical cases contains so much albumen as to be 
coagulable by heat,t but if that ever be the case, the secretion 
could hardly be called urine. It seems questionable whether 
the albumen of urine should not sometimes be regarded as de- 
rived from the mucous secretion of the bladder. Dr Prout, in 
his Inquiry into the Nature and Treatment of Gravel, &c. 
has described some cases of albuminous urine, and has ad- 
verted to its method of cure. 

2157. Urea is the principle which confers upon urine its 
chief peculiarities. It may be obtained by slowly evaporating 

* Tbt «ro*M hare principally been examined b y Dr Henry, end an account of many of them b 
given in hb Tkvia above quoted, 
t PbiL Mag. vol ii. 
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urine to the consistency of sirup ; on cooling it concretes into 
a saline mass, which d y digestion in alcohol, furnishes urea. 
By carefully distilling off the alcohol, the urea remains in the 
form of a brown crystallized mass, which, by purification, fur- 
nishes colourless prismatic crystals. 

Other processes have been given for obtaining urea, which 
are objectionable, on account of their complexity ; indeed it is 
doubtful whether, by the action of heat and alcohol, as above 
described, it is not considerably altered. 

Urea is very soluble ; water, at 60 °, takes up about its own 
weight, and boiling water appears to dissolve it in any quantity, 
and without alteration : boiling alcohol takes up its own weight, 
and on cooling the urea separates in crystals. Sulphuric ether 
scarcely dissolves an appreciable portion. Nitric hcid produces 
a crystalline precipitate in the aqueous solution of urea consist- 
ing of the two substances according to Dr Prout, in the follow- 
ing proportions: 

Nitric acid 47,57 

Urea 52,63 


100,00 

A very similar compound may also be produced with oxalic 
acid. 


The fixed alkalies decompose urea, and occasion the evolu- 
tion of ammonia and some other products. It is to this sub- 
stance that the copious production of volatile alkali, during the 
destructive distillation of urine, is referable ; and the ammonia 
which is found in combination with the acids, in putrid urine, 
is derived from the same source. 


Urea combines with most of the metallic oxides; with oxide 
of silver the compound is grey, and it decomposes with detona- 
tion when heated. 

According to Dr Prout’s analysis urea* consists of 


Oxygen . 
Nitrogen 
Carbon . 
Hydrogen 


26.66 = 1 proportional it 

46.66 = 1 „ 14 

19,99 = 1 „ 6 

6,66 = 2 „ 2 


30 

In some diseased states of the urine there is a morbid excess 
of urea, which may be detected by putting a little of the 
urine into a watch-glass, and carefully adding an equal quantity 
of nitric acid, in such a manner that the acid shall subside to 
the lower part of the glass ; *if spontaneous crystallization take 
place it indicates excess of urea.t 

2158 . Such are the properties of the principal ingredients in 
human urine, to which several others have been added by dif- 
ferent chemists ; but their existence is only occasional, and often 
doubtful. 

2159 . The urine suffers some very remarkable changes in 
certain diseases, which have been but superficially inquired 

* Henry's Element t, vol. ii. t Prout, on Gravel , k. c. p. 10. # 
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Uni. 
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Component#. 


Uric acid 
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Phosphate of 
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into by chemists# In cases of injury of the spine, affecting the 
nerves that supply the kidneys ; the urine is always turbid, and 
often alkaline ; and there is a considerable tendency in these 
cases to form calculi. 

In the disease called diabetes , the urine is not only secreted 
in excess, but often contains a substance of a sweet taste, having 
the properties of sugar, and its specific gravity is considerably 
above the healthy standard.* 

2160. The urine of graminivorous animals differs considerably 
from that of the human subject. Carbonates, muriates, and 
phosphates, are the leading ingredients ; it also contains urea, 
out not urifc acid ; potassa is usually the predominating alkali. 

2161. It frequently happens, from a variety of causes, that 
certain ingredients of human urine are secreted in excess, and 
deposited in a solid form, constituting sand , or gravel and 
calculi . 

Sand is either white or red ; the former consists of phos- 
phate of lime, and ammoniaco-magnesian phosphate, either sep- 
arate or mixed, and the latter is ehiefly uric acid. The former 
deposition is prevented by the use of acids, and the latter by 
alkalies and the alkaline earths. The modes of exhibiting 
these remedies, and the effects which they produce, are describ- 
ed in a paper printed in the Quarterly Journal qf Science and 
JlrtSy Vol. vi. 

2162. Urinary calculi are, for the most part, composed of 
materials that exist at all times in the urine, though there are 
a few substances that only make their occasional appearance in 
them. The following are their component ingredients : 

1. Uric acid. 5. Oxalate of lime. 

2. Urate of ammonia. 6. Carbonate of lime* 

3. Phosphate of lime. 7. Cystic oxide. 

4. A mmonio-magnetian phosphate. 

2163. The calculi composed of uric acid, of which the chem- 

ical propertied have already been described (2149), are of a 
brown or fawn-colour; and, when cut through, appear of a 
more or less distinctly laminated texture. Their surface is 
generally smooth, or nearly so, being sometimes slightly tuber- 
culated. Before the blow-pipe this calculus blackens, and gives 
out a peculiar ammoniacal odour, leaving a minute portion of 
white ash : it is soluble in solution of pure potassa, and heated 
with a little nitric acid, affords the* fine pink compound, above- 
mentioned (2150). « 

2164. Phosphate of lime calculus is of a pale brown, or grey 
colour, smooth, and made up of regular and easily separable 
lamioae. It is easily soluble in muriatic acid and precipitated 
by pure ammonia, and does not fuse before the blow-pipe. 
Calculi from the prostrate gland 9 are always composed of 
phosphate of lime. 

* Henry on Diabetic Urine* Medico Ckimrgical Trane* Vol. ii. p. 118 . 


Digitized by 


Google 



URINARY CALCULI. 561 

2165. The ammonio-magnesian, or triple calculus, is gene* Tnpw «&k*. 
rally white, or pale grey, and the surface often presents minute **** 
crystals ; its texture is generally compact, and often somewhat 

hard and translucent; heated violently' by the blow-pipe, it 
exhales ammonia, and leaves phosphate of magnesia. It is 
more easily soluble than the preceding, and oxalate of ammonia 
forms no precipitate in its muriatic solution. 

2166. It frequently happens that calculi consist of a mixture 

of the two last-mentioned substances, in which case they melt ^ 
before the blow-pipe, and are hence termed fusible calculi . calms. 
They are white or nearly so, and softer than the separate sub- 
stances, often resembling chalk in appearance. They are 
easily soluble in muriatic acid, and if oxalate of ammonia be 
added to their solution, the lime is precipitated in the state of 
oxalate. 

2167. Oxalate of lime forms calculi, the exterior colour of 

which is generally dark brown, or reddish; they are commonly 
rough, or tuberculated upon the surface, and have hence been ■ 

called mulberry calculi . Before the blow-pipe they blacken mIqmT 7 
and swell, leaving a white infusible residue, which is easily 
recognised as quicklime (1953). Small oxalate of lime calculi 

are, however, sometimes perfectly smooth upon the surface, 
and much resemble a hempseed in appearance. 

• 2168. Urate of ammonia is admitted by Prof. Brande among Ur«u •!***> 
urinary calculi, upon the authority of Dr Prout.* Its surface is “°“ a ’ 
sometimes smooth, sometimes tuberculated ; it is made up of 
concentric layers, and its fracture is fine earthy, resembling 

that of compact lime-stone ; it is generally of a small size, and 
rather uncommon, though it often occurs mixed with uric acid. 

It usually decrepitates before the blow-pipe, is more soluble 
than the uric calculus, evolves ammonia when heated with 
solution of potassa, and is readily soluble in the alkaline car* 
bonates, which pure uric acid is not. 

2169. Dr Prout and Mr Smitht have described calculi com- 
posed almost entirely of carbonate of lime, but this species is 
exceedingly rare. 

2170. Cystic oxide is a peculiar animal substance ; the calculi c 
composed of it, which are rare, are in appearance most like * 
those of the ammonio-magnesian phosphate. They are soft, 

and when burned by the blow-pipe, exhale a peculiar fetid 
odour. They are soluble in nitric, sulphuric, muriatic, phos- 
phoric, and oxalic acids, and also in alkaline solutions. 

2171. The substances which have been described, with the 
exception of cystic oxide, are sometimes intimately blended in 
calculi ; sometimes they form alternating layers ; and in a few 
cases four distinct layers have been observed, the nucleus 
being uric, upon which the oxalate, and phosphate of lime, and 
the triple phosphate, are distinctly and separately arranged. 

• Phil. Tract. 180*. f Me& tt Ckir. Trias, si. 14* 

71 
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GELATINS* 


xutineoz- 2172. Dr Marcet has described a calculus composed of a 
peculiar animal matter, which he calls Xanthic Oxide , from its 
property of giving a yellow colour when acted on by nitric 
acid : he has also announced the existence of calculus composed 
of fibrine .* 

2173. These are the principal chemical facts belonging to 
the history of urinary calculi. In Dr Wollaston’s and Prof. 
Brande’s valuable papers upon this subjectt much additional in- 
formation will be found.} 


Section VII. Cutis , or Skin , Membrane , fyc, 

2174. The skin of animals consists of an exterior albumin- 
ous covering, or cuticle , under which is a thin stratum of a 
peculiar substance, called by anatomists rete mucosum 1 and 
which lies immediately upon the cutis , or true skin, of which 
the principal component is gelatine . 

2175. The following are the chemical properties of pure 
c>«i«tiDe. gelatine. It is colourless, semi-transparent, and nearly taste- 
less. It is softened by long continued immersion in cold 
water : in hot water it readily dissolves, and forms a solution 
of a slightly milky appearance, which, if sufficiently concentra- 
ted, concretes on cooling into the tremulous mass usually called 
jeUy , and which is easily soluble in cold water ; when dried in 
a gentle heat it acquires its original appearance, and is as solu- 
ble as before. When dry, gelatine undergoes no change, but its 
solution soon, becomes mouldy and putrescent. Submitted to 
the action of heat it affords the usual products of animal sub- 
stances^ 

It is readily soluble in diluted acids and alkaline solutions, 
and forms no soap with the latter. Its aqueous solution is not 
affected by solution of corrosive sublimate, and few of the 
metallic salts occasion any precipitate in it. Chlorine passed 
through its solution, occasions a white elastic matter to separate, 
which is not soluble in water, and which in some properties 
resembles albumen. It is insoluble in alcohol and ether. 
Aetioa of tan. Solution of tannin occasions a white precipitate in solution of 
ms> gelatine; and hence, vegetable astringents such as galls or 
catechu, are generally employed as tests for its presence. But 
as tannin precipitates albumen, it cannot be relied on as an 
unequivocal test, unless we previously ascertain the non-exist- 
ence of albumen by corrosive sublimate. || 

* Emj ob Calculous Disorders, Sd adit. p. 108. 

t PhU Trans. 1701 and 1810. 

t Dr Marcet and Dri Pro at hare published excellent dissertations on Calculous Disoritrt, eoatsa* 
inf all that is most important upon tba subject. 

$ Hatchett. Philos. Transact . rol. xc. 

|| Bostock. Nicholson’s Journal, xhr. and xxi. 
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Mr E. Davy recommends sulphate of platinum as a very s u iph«uof 
delicate test of gelatine, with which it forms a brown insoluble 
compound, in solutions too weak to be affected by vegetable t “ w - 
astringents.* 

2176. The action of sulphuric acid upon gelatine has been 
investigated by M. Braeonnot. Twelve parts of powdered 
glue and 24 of sulphuric acid, were left together for 24 hours ; tcid 
about 60 parts of water were then added, and the whole boiled 
for 5 hours, adding water at intervals ; the solution was then 
saturated with chalk, filtered, and suffered to evaporate sponta- 
neously. In a month crystals were deposited, which, being 
purified by solution and a second crystallization, much resem- 
bled sugar of milk, though they differ from that substance in 
affording a peculiar acid, called by M. Braeonnot Nitro-saccha- 
vine acid , when acted upon by nitric acid.t 

2177. The different kinds of gelatine differ considerably in 
viscidity. Mr Hatchett has remarked that the gelatine obtain- 
ed from skins possesses a degree of viscidity inversely as their 
softness or flexibility ; the most adhesive kinds of gelatine, too, 
arc less easily soluble in water than those which are less tena- 
cious. The principal varieties of gelatine in common use are, 

a. Glue y which is prepared from the clippings of hides, Glo#> 
hoofs, &c., obtained at the tan-yard ; these are first washed in 
lime-water, and afterwards boiled and skimmed ; the whole is 
then strained through baskets, and gently evaporated to a due 
consistency ; afterwards it is cooled in wooden moulds, cut 
into slices, add dried upon coarse net-work. Good glue is of a 
semi-transparent and deep brown colour, and free from clouds 
and spots. When used it should be broken into pieces, and 
steeped for about 24 hours in cold water, by which it softens 
and swells; the soaked pieces may then be melted over a 
gentle fire, or in a water-bath, and in that state applied to the 
wood by a stiff brush. Glue will not harden in a freezing tem- 
perature, the stiffening depending on the evaporation of its 
superfluous water. 

b. Size is less adhesive than glue, and is obtained from siz * 
parchment shavings, fish-skin, and several animal membranes. 

It is employed by bookbinders, paper-hangers, and painters in 
distemper, and is sometimes mixed with flour, gum, &c. 

c. Isinglass is prepared from certain parts of the entrails of 
several fish ; the best is derived from the sturgeon, and is 
almost exclusively prepared in Russia. It should be free from 
taste and smell, and entirely soluble in warm water, which is 
seldom the case, in consequence of the presence of some albu- 
minous parts. When the jelly of isinglass is concentrated by 
evaporation and carefully dried, it forms a very choice kind of 
glue.* 

• "Phil. Tram. U20, p. 1 19. f Ann. de Ckimit «t Pbyi . liii. X Aikin’i Dictionary, Art. M . 
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MUSCLE; &{. 

M«r. 2178. Leather is a compound of gelatine and yegetable 
astringent matter, formed by steeping the skins of animals m 
the infusions of* certain barks. The skins are previously pre- 
.pared by soaking in lime-water, which renders the cuticle and 
hair easily separable, and are afterwards softened by allowing 
them to enter into a degree of putrefaction. In this state they 
are submitted to the action of infusion of oak-bark, or other 
astringent vegetable matter (1846), the strength of which is 
gradually increased until a complete combination has taken 

E iace, which i& known by the leather being of an uniform 
rown colour throughout ; whereas, in imperfectly tanned leath- 
er a white streak is perceptible in the centre. 

Tawed leather is made by impregnating the skin duly pre- 
pared, with a solution of alum and common salt ; it is after- 
wards trodden in a mixture of yolk of eggs and water. 

Curried leather is made by besmearing the skin, or leather, 
while yet moist, with common oil, which, as the humidity 
evaporates, penetrates into the pores of the skin, giving it a 
peculiar suppleness, and making it, to a considerable extent, 
water-proof. As familiar examples of these processes, the 
thick sole-leather for shoes and boots is tanned; the upper- 
leather is tanned and curried , the white leather for gloves is 
tawed; and fine Turkey-leather is tawed , and afterwards 
slightly tanned* 

2 179. The different membranes of the body, and the ten - 
dans, are chiefly composed of gelatine, for by long digestion 
in warm water they gradually soften, and become ultimately 
almost perfectly soluble. 


Section VIII. Muscle , Ligaments , Horn , Hair , 

2180 . When the muscular parts of animals are washed 
repeatedly in cold water, the fibrous matter which remains 
consists chiefly of albumen, and is in its chemical properties 
analogous to the clot of blood (2114). Muscles also yield a 
portion of gelatine; and the flesh of beef, and some other parts 
of animals, afford a peculiar substance of an aromatic flavour, 

Siuimm. called by Thenard, osrnazome. 

2181. 30 parts of beef fibre, acted on by as much sulphuric 
acid, yielded M. Braconnot, a portion of fat, and on diluting 
the acid mixture, and saturating with chalk, filtering and 
evaporating, a substance, tasting like osrnazome was obtained, 
which was often boiled in different portions of alcohol : the 

Le«ei«e. alcoholic solutions, on cooling, deposited a peculiar white pul- 
verulent matter, which Braconnot calls leucine , and which 


* Aikin'e ZKefwmary. Art Leather. 
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feted upon by nitric acid affords a crystallizable nitroleucic 
acid.* 

. 2182. Ligaments , horn> nail , and feathers^ consist prin- 
cipally of albumen. 

2183. Hair consists principally of a substance, having the 
properties of coagulated albumen. It also contains gelatine, 
and the soft kinds , of hair yield it more readily than those 
which are harsh, strong, and elastic.t 

Vauquelin discovered in hair two kinds of oil ; the one 
white, and existing in all hair ; the other coloured, yellow from 
red hair, and dark coloured when obtained from dark hair. 
Black hair also contains iron and sulphur. He supposes that 
where hair has become suddenly gray, the effect is produced by 
the evolution of acid matter, which has destroyed the colour of 
the oil. 

2184. Feathers , quills , and wool , are also possessed of the 
properties of albumen, and appear to contain no gelatine. 


Section IX. Fat , Spermaceti , fyc. 

2185. The fat of animals, when freed by fusion or pressure 
from cellular membrane, is of various degrees of consistency, 
as seen in tallow , lard, , and oil. When pure, it has little taste 
or smell, but it acquires both by keeping, and becomes rancid 
and slightly sour. The softer varieties fus^ at about 90 9 , and 
the harder at 120°. Decomposed at a red heat, they afford 
abundance of olefiant gas, and a small portion of charcoal ; 

E roducts analogous to those of vegetable oil. (697.) When 
urned, they produce water and carbonic acid, containing the 
same ultimate elements, in the same proportions as vegetable 
oils. (1884.) 

They also produce soaps by combination with alkalies. 

Nitric acid, heated in small quantity with any of the fatty 
substances, renders them harder, and considerably increases 
their solubility in alcohol. Among the vegetable oils this 
change is most remarkably produced upon cocoa-nut, and cas- 
tor-oils, the latter becoming converted into a solid matter, 
which, when cleansed of adhering acid by washing, resembles 
soil wax. 

2186. The experiments of Braconnot and Chevreul, already 
quoted, (1877) have shown that the different kinds of oil and 
fat contain two substances, to which they have given the names 
stearine and elaine, the former solid, the latter liquid at com- 

♦ AatU» da Clumia et Pbjt. xiii. p. 111. f Hatabett. Phil Tran*. 1100. 
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SPERMACETI. 


Mary antic 
acid. 


Oleic acid. 


Spermaceti. 


mon temperatures. , The table below shows their relative pro- 
portions in different fats and oils :* 

These principles may be obtained by boiling hogs’ lard in 
alcohol ; the fluid, on cooling, deposits a crystalline matter, 
which is to be purified by a second solution and crystallization; 
it is then pure stearine , white, brittle, tasteless, and inodorous; 
it fuses at a little below 120°, and forms soap with alkalies. 

When the alcohol which has deposited the whole of the 
stearine is distilled, an oily liquid remains, which is elaine. 
It is fluid at 58° ; it generally is of a yellow colour, and b 
convertible into soap. 

2187. When soap composed of hogs’-lard and potassa, is put 
into water, a portion only is dissolved, the remainder consists of 
white scales, composed of the alkali united to a peculiar acid, 
called by Chevreul, from its pearly appearance, margaritic 
acid , and separable from the above combination by muriatic 
acid. 

It is insoluble in water, tasteless, fusible at 1.34°, and crys- 
tallizes on cooling in brilliant white needles. It is soluble in 
alcohol. It unites with potassa in two proportions, the one 
compound containing 100 acid + 8,80 potassa'; the. other, 100 
acid + 17,77 potassa. These compounds have been termed 
margaratesof potassa . 

2188. The portion of the hogs’-lard soap soluble in water, 
consists of another peculiar substance united to potassa, which 
Chevreul has called oleic acid . It may be obtained from its 
solution by tartaric acid, which causes it to separate in the form 
of an oily matter, that is to be again united to potassa, and sep- 
arated as before. This substance solidifies at about 40°, and it 
forms compounds, failed oleates. It appears probable that, by 
the action of alkalies, the stearine is converted into what Chev- 
reul has termed margaric acid, and the elaine into oleic acid.t 

2189. By mixing 1 volume of carbonic acid with 10 of car- 
buretted hydrogen, and 30 of hydrogen, and passing the mix- 
ture through a red-hot porcelain tube, Berard is said to have 
produced a substance in small white crystals, having many of 
the properties of fat 4 

2190. Spermaceti or Celine is a peculiar matter, which con- 
cretes from the oil of the spermaceti whale . It fuses at 112°, 
and at higher temperatures is volatile, but if repeatedly distilled 
it loses its solid form, and becomes a liquid oil. It is soluble 
in boiling alcohol, and abundantly so in ether. It forms a soap 
with potassa, which yields, on decomposition, a substance call- 
ed by Chevreul, cetic acid.§ 



Elaioo. 

Stearine 


Ei»ioe. 

Steirinf 

* Butter, made in summer 

60 

40 

Goose-fat 

t« 

93 

Ditto, winter .... 

. 37 . 

63 

Pocks’ fat .... 

72 . 

it 

Hogs’-lard .... 

. 62 . 

38 

Turkey’s-fat .... 

74 • 

26 

Beef-marrow .... 

. 24 . 

76 

Olire-oil 

73 

21 

Mutton ditto .... 

. 74 . 

26 

Almond-oil .... 

76 

21 


t Aanales dc Chimie, xcir. J Thomson*! .innalt, xii. $ Annalea de 
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2191. In the yolk of eggs there is a considerable quantity of 
oily matter, which may be obtained by pressure after boiling ; 
it is yellow and tasteless. 

2 192. Ambergris , which is a concretion from the intestines 
of the spermaceti whale, also contains a considerable portion of 
fatty matter, amounting in some specimens to 60 j ver cent . It 
is only found in the unhealthy animal.* 

2193. The brain of animals, when boiled in alcohol, furnishes 
a peculiar fatty matter, which the solution deposits as it cools, 
in brilliant scales. It requires a higher temperature than that 
of boiling water for its fusion, and appears in many respects 
analogous to cholesterine. (2130.) The same substance is often 
seen in the alcohol employed to preserve anatomical prepara- 
tions of the brain and nerves. 


Section X. Cerebral Substance. 

2 194. According to Varuquelin, the cerebral substance con- 


sists of 

Water 80,00 

White fatty matter 4, S3 

Red fatty matter 0,70 

Albumen 7, GOP 

Oamazome 1,12 

Phosphorus 1,50 

Acids, salts, and sulphur 5,15 


100 

The pulp of nerves seems to be of a similar nature.t 


Section XI. Shell and Bone. 

- 2195. We are indebted to Mr Hatchett for two excellent 
dissertations on the chemical properties of these parts of ani- 
mals, published in the Philosophical Transactions for 1799 
and 1800. 

He has divided shells into two classes; the texture of the 
first is compact, brittle, and resembling porcelain ; their surface 
is smooth, and they are often beautifully variegated. When 
exposed to a red heat they crackle, and lose the colour of their 
enamelled surface, emitting scarcely any smoke or smell. They 
dissolve in dilute muriatic acid with copious effervescence, and 
form a transparent solution, in which neither pure ammonia nor 
acetate of lead produce any precipitate, but carbonate of ammo- 
nia throws down carbonate of lime. Hence these, which are 


* Horoe*s Lectures on Comparative anatomy, Vol. 1. p. 470. 
f Thomson's System, Vol. ir. p. 492. 
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ZOOPBYYBS. 
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Zoophytes. 


called porcellaneous shells , may be considered as composed of 
carbonate of lime, united to a very small portion of gelatine : 
most of the univalve shells, such as whelks, limpets, cowries, 
and many of the beautiful convoluted shells of tropical countries, 
belong to this class. 

2196. The second class, or mother-of-pearl shells , are 
tougher, glossy, and iridescent ; they are mostly bivalves, and 
all the oyster and muscle species belong to it When heated, 
they exhale smoke and the smell of burned horn ; immersed in 
muriatic acid, they only partially dissolve, and leave a series of 
cartilaginous layers, and an outer epidermis. Each membrane 
appears to have a corresponding stratum of carbonate of lime, 
the solution indicating no trace of any phosphate. The animal 
part is in some cases, as in mother-of-pearl, tough and indurated, 
and when dried becomes exactly like horn ; in other instances, 
as in the bone of cuttle fish, it appears in the form of delicate 
and tender membrane. 

In both classes of shells, therefore, the hardening principle is 
carbonate of lime ; in porcellaneous shells there is very little 
animal matter which is gelatine ; and in mother-of-pearl shells, 
it is albumen, and in larger quantities. 

2197. Pearls are exactly similar in composition to what is 
termed mother-of-pearl , in which Mr Hatchett found 


Cafbonate of lime . • • 66 

Albumen 24 


100 

2198. In the scales of fishy and in the crusts of lobsters, 
crabs, prawns, and cray-fish, Mr Hatchett found the animal 
portion to consist of cartilage ; the hardening part was a mix- 


ture of carbonate and phosphate of lime. From lobster-shell 
Merat-Gulliot obtained 

Carbonate of lime ••••60 

Phosphate of lime 14 

Cartilage . . . . 26 

100 

Vauquelin obtained from 100 parts o( hen 9 s egg shell 

Carbonate of lime 89,6 

Phosphate of lime 5,7 

Animal matter •••.•••••• 4,7 


100 

2199. Zoophytes, according to Mr Hatchett’s researches, 
may be divided into four classes ; the first resemble porcellane- 
ous shells, and consist entirely of carbonate of lime, with a 
very minute quantity of gelatinous matter ; of this the common 
white coral ( madrepora virginea ) is an example. The second 
consists of carbonate of lime, and a cartilaginous substance, and 
are therefore analogous to mother-of-pearl shell ; to this class 
belong the madrepora ramea , and madrepora fascicularts . 
The third class is composed of a cartilaginous matter, with car* 
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bonate and phosphate of lime ; to this belongs the red coral 
( gorgonia nobilie). The fourth class contains sponges, com- 
posed almost entirely of albuminous matter.* 

2200 Bone, and Ivory , like the preceding substances, is 
essentially composed of soft and hard parts. When ground 
bone is digested in warm water, a portion of fat is first separate 
ed, and by long-continued ebullition, a solution which gelatin- 
izes on cooling is obtained. If fresh bone be immersed in 
diluted muriatic acid, the fat, gelatine, and hardening matter 
are dissolved, and a kind of skeleton of the bone remains in the 
form of a cartilaginous substance, which when dried exactly 
resembles horn. Ft appears, therefore, that the soft parts of 
bone are, fat, gelatine , and albumen . 

The earthy salts, which constitute the hardening principle of 
bone, are phosphate and carbonate of lime, with a minute quan- 
tity of sulphate of lime, and traces of phosphate of magnesia. 
Fourcroy and Vauquelin obtained from ox-bones, 


Animal matter , .... 61 

Phosphate of lime 37,7 

Carbonate of lime .10 

Phosphate of magnesia • 1,3 


100 

2201. The enamel of teeth is perfectly destitute of cartilage, 
and consists chiefly of phosphate of lime and a portion of geia- 
tine. Mr Pepys found its component parts 


Phosphate of lime 78 

Carbonate of lime 6 

Gelatine . • J6 


100 

The same chemist has given the following as the composition 
of the teeth (Fox, On the Teeth :) 


Phosphate of lime 

Root* of 
the teeth. 

. 58 . 

Teeth of 
Adull*. 

. . 64 . 

First Teeth, 
of Children. 

. . 62 

Carbonate of lime 

• 4 . 

. . 6 . 

. . 6 

Cartilage • . • 

. 28 . 

. . 20 . 

. . 20 

Lota . . • ♦ 

. 10 . 

• • 10 . 

. . 12 


100 

100 

100 


2202. When bones are submitted to destructive distillation, 
the gelatine and albumen which they contain are abundantly pro- 
ductive of ammonia ; water, and carbonic acid are also formed 
and a portion of highly fetid empyreumatic oil. There remains 
in the vessel a quantity of charcoal mixed with the earthy sub- 
stances, which is, in that state, called ivory black . It is em- 
ployed a^ the basis of some black paints and varnishes. 

♦ Phil Tabs. 1100. 
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DIGESTION. 
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Section XII. Of Animal Functions . 

3203 . Chemistry has hitherUfdone little towards elucidat- 
ing the functions of animals, and it is scarcely possible to des- 
cribe the little that has been done, without such frequent 
reference to anatomical and physiological inquiries as would be 
irrelevant to the present work; we shall, therefore, only enu- 
merate the principal chemical phenomena that have been 
experimentally illustrated, in relation to this subject. 

2204. Digestion is a process by which the food of animals 
is converted into chyle, and which in conjunction with respira- 
tion, tends to the production of blood. The mechanism by 
which it is carried on differs considerably in the different classes 
of animals; the present remarks will relate chiefly to man, 
and to the carnivorous tribe. 

The food, duly masticated in the mouth, and blended with a 
considerable portion of saliva, is propelled into the stomach, 
where it soon undergoes a remarkable change, and, in the 
course of a few hours, is converted into an apparently homoge- 
neous pulpy mass, which has been termed chyme , and which 
has little or no resemblance to the original food. This very 
curious change is only referable to the operation of a secretion 
peculiar to certain glands of the stomach ; it has been termed 
gastric juice , and all that is known respecting it is, that it hn 
very energetic solvent powers, in regard to the great er number 
of animal and vegetable bodies ; the remarkable property of 
living substances to resist its action is curiously illustrated by 
the circumstance that the stomach itself, after death, is occa- 
sionally eaten into holes by its action ; it instantly coagulates 
all albuminous substances, and afterwards softens and dissolves 
the coagulum. There are some substances that remarkably 
resist its action, such as the husk of grain, and of many seeds, 
which, if not previously broken by mastication, pass through 
the stomach and bowels nearly unaltered. It is hardly worth 
while to detail the experiments that have been undertaken on 
the gastric juice, since they are much at variance, and it is 
impossible to say whether the secretion has ever been examined 
in a state even approaching to purity. It has been described as 
a glairy fluid, of a saline taste; sometimes it is said to be acid, 
and sometimes bitter; but no light whatever has been thrown 
by any of these researches upon the cause of its singular sol- 
vent energies. 

It has sometimes been matter of surprise, that although ani- 
mals drink copiously with their food, the consistency of the 
chyme is not affected by it, and by the time that it reaches the 
right, or pyloric extremity of the stomach, the liquid has dis- 
appeared. Sir Everard Home’s curious physiological researches 
have shown that liquids are copiously and rapidly removed 
by absorbents belonging principally to the left, or cardiac por- 
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tion of the stomach, and that during digestion there is an im- 
perfect division of the stomach into two cavities, by the con- 
traction of the bands' of muscular fibres about its centre. He 
has also shown that these liquids, very soon reach the kidneys, 
and pass off by urine ; and was led to believe that the spleen 
was the channel of communication ; an opinion, however, 
which his subsequent researches tended to disprove.* 

The chyme passes from the stomach into the small intestines, 
where it soon changes considerably in appearance; it becomes 
blended with bile, and is separated into two portions, one of 
which is white as milk, and is termed chyle ; the other passes 
on to the large intestines, and is ultimately voided as excre- 
xnentitious. The chyle is absorbed by the lacteals , which ter- 
minate in the common trunk, called the thoracic duct ; it is 
there mixed with variable proportions of lymph, and poured 
into the venous system. 

The excrements of animals have been examined by Berze- 
lius, t by Vauquelin,} and by Thaer and Einhoff. An abstract 
of these experiments has been published by Dr Thomson, in 
the 4th volume of his System of Chemistry . 

2205. Chyle has been examined by several chemists, and 
their results are hot widely different. During some physiolo-* 
gical researches Prof. Brande and Mr Brodie had an oppor- 
tunity of collecting it in considerable quantities in several car- 
nivorous and graminivorous animals, and an account of experi- 
ments upon it was presented to the Royal Society. § 

Chyle is an opaque white fluid, having a sweetish saline character*, 
taste ; its specific gravity is inferior to that of the blood. It 
exhibits slight traces of alkaline matter when tested by infusion 
of violets; soon after removal from the thoracic duct, it gelatin- 
izes spontaneously, and afterwards gradually separates into a 
firm yellowish white coagulum, and a transparent colourless 
serum ; so that, like the blood, it enjoys the property of spon- 
taneous coagulation. 

The coagulum of chyle possesses properties closely resem- 
bling those of the caseous portion of milk, and may hence be 
considered as a variety of albumen ; the serum of the chyle f 
when heated, deposits a few flakes of albumen, and by evapora- 
tion to dryness affords a small proportion of a substance analo- 
gous to sugar of milk. Small portions of phosphate of lime, 
carbonate of soda, and common salt, may also be detected in 
the chyle. In these experiments Prof. Brande found no dis- 
tinctive difference in the chyle of graminivorous and carnivo- 
rous animals, he examined it from the horse, the ass, the dog, 
and the cat ; Dr Marcet thinjcs that the former is less abundant 
in albumen than the latter.|| — Thomson’s *flnnals 9 Vol. vii. 

* Lecture* on Comparative Anatomy, p. 321. f G eh ten’s Journal, vi. 

| Annate* de Cbimie, xxix. $ Brande in PkiL Tran*, lilt, p. 91. 

|| It i* a curious question, whence the nitrogen, which constitutes an abundant ultimate principle of 
the chyle of herbivorous animals is derived ; we find it in very small proportion only in their ordinary 
food, and yet I could discern no difference in the composition of the albuminous portion of their chyle, 
and tlfht of animal* fed exclusively on meat. (Brande. ) 
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2206. There can be little doubt that the bile performs an 
important part in the change which the chyme suffers in the 
small intestines; it has been conjectured that its aqueous, and 
perhaps its alkaline parts, are employed as components of 
chyle, while the albumino-resinous matter combines with the 
excrementitious portion, and tends to stimulate the intestinal 
canal towards promoting its propulsion. Whether the bile is 
absolutely necessary to the formation of chyle, is a question 
that has not been satisfactorily answered ; but its importance is 
demonstrated by the emaciation that attends its deficiency, and 
by the disordered state of bowels that accompanies its imperfect 
secretion. Sir Everard Home, in his Lecture on the Func - 
tions of the Lower Intestines ,* has offered some curious facta 
connected with this subject, to which the physiological reader 
is referred. He is of opinion that, in the large intestines, a 
portion of the food unfit for chylification is, by a process not 
widely different from that above described, (2108) converted 
into fat, which is afterwards absorbed and conveyed to different 
parts of the body. * 

2207. In chyle we cannot fail to observe a close approxima- 
tion to blood ; it is deficient only in colouring matter, and the 
albumen which it contains differs a little from that existing in 
the blood itself; it appears therefore, that the albumen is per- 
fected, and the colouring matter formed, in the process of cir- 
culation ; the saccharine principle of the chyle is also no longer 
perceptible. 

2208. Respiration is the process of receiving a quantity of 
air into the lungs, whence, after having been retained a short 
time, it is again expelled in the action of expiration ; and, if 
now examined, a portion of its oxygen is found converted into 
carbonic acid, and it is more or less loaded with aqueous 
vapour. 

Obvious circumstances render it very difficult to ascertain the 
quantity of air taken into the lungs at each natural inspiration, 
as well as the number of respirations made in a given time ; the 
former is perhaps about 15 or 16 cubic inches, and the Utter 
about 20 in a minute. 

It has been by some supposed that the air suffers an absolute 
diminution of bulk, but the experiments that have been adduced 
to prove this, can scarcely be regarded as satisfactory ; it seems, 
on the contrary, most probable that the volume of air expired 
is exactly equal to that inspired, and consequently the only 
chemical change that is evident is the saturation of a portion of 
of its oxygen with carbon. The quantity of carbonic acid 
emitted at each expiration, varies at different periods of the 
day, and probably also in different individuals ; it appears at its 
maximum during digestion, and at its minimum in the morning 
when the stomach is empty, and when no chyle is flowing into 

• L«etnnf r p. 4M. 
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the blood. Dr Prout has shown that fermented liquors and 
vegetable diet diminish the proportion of carbonic acid, and 
that the same thing happens when the system is affected by 
mercury.* 

The air expired may be regarded, as containing, on an ave-unantHyo t 
rage, 3,5 per cent of carbonic acid, though Messrs Allen and^j^* 0 
Pepys, in their valuable Essay on Respiration^ have esti- 
mated it at about twice that quantity ; it amounted, in their 
experiments, to 27,5 cubic inches per minute, a quantity proba- 
bly above the truth, when we reflect upon the comparative pro- 
portion 1 of carbon existing in our food, and the other means of 
escape which it has from the body. 

The aqueous vapour contained in the expired air is secreted 
by the exhalents distributed over the surface of the air-vessels 
of the lungs ; attempts have been made to estimate its quantity, 
but without success ; it is probably liable to variation, and can 
scarcely be considered as a product of respiration. 

The change of colour in the blood is evidently owing to the 
action of the air, which takes place through the thin coats of 
the circulating vessels, and the end thus attained is the removal 
of the carbon from the venous blood, by which the colouring 
matter was obscured : the carbon to be thus readily soluble in 
oxygen must be in some peculiar state ; a portion of it is also 
removed by the absorbents, and transferred to the glands situate 
at the root of the lungs between the subdivisions of the bron- 
chi®, which often contain a large portion of black matter. 

This has sometimes been referred to soot inhaled with the air, 
but many circumstances render it more probable that it is a car- 
bonaceous deposit from the blood* The only chemical differ- 
ence, then, which can be detected between arterial and venous 
blood, is the existence of a certain excess of carbon in the 
latter, which it gives off to oxygen, forming carbonic acid; 
the blood is thus fitted for the renovation of parts, for the for- 
mation of secretions, and for the sustenance of life by its action 
on the cerebral system ; for although the heart does not direct- 
ly refuse to circulate venous blood, paralysis and torpor ensue 
when blood, not aerated, passes into the vessels of the brain. 

2209. It has been showp that the blood suffers very impor- p«nptratj<». 
tant changes in the kidneys and liver; the function of perspi- 
ration also must be considered as connected with an alteration 

of the circulating fluid, for moisture, carbonic acid, and minute 
quantities of phosphoric acid, and saline matter, ambng which is 
common salt, are evacuated by the cutaneous vessels. 

2210. Different animals require very different quantities of uoeqmi 
oxygen for the purpose of respiration. Man, and warm-blood- 

ed animals, consume the largest quantity ; the amphibious tribes 

not only require less, but can breathe in an atmosphere which *** 

will not support the life of the former ; and many insects take 

* Thomson's SytUm, ir. 091. _ f Phil. Trans. ItOt. 
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such small quantity, as sometimes to have been supposed capa- 
ble of living without air, which is not the case. Io the produc- 
tion of carbonic acid all animals agree, and consequently the 
nature of the deterioration suffered by the air is similar through- 
out the animal creation. 

Fishes breathe the air which is dissolved in water; they 
therefore soon deprive it of its oxygen, the place of which ii 
supplied by carbonic acid ; this is in many instances decompos- 
ed by aquatic vegetables, which restore oxygen, and absorb 
the carbon ; hence the advantage of cultivating growing 
vegetables in artificial fish-ponds. It has been ascertained by 
Biot, and verified by others, that the air-bladders of fish that 
live in very deep water are filled with a mixture of oxygen and 
nitrogen, in which the former greatly preponderates; but in 
fish that are taken near the surface, the nitrogen is most abun- 
dant. In the trygla lyra y always caught in very deep water, 
the air-bladder contained 87 per cent, of oxygen : in the cap 
and roach, according to Fourcroy and Priestley, the air-bladder 
contains little else than nitrogen.* 

22 II. The production of animal heat is perhaps the most 
recondite of all the functions ; the power appears to belong to 
all animals, though to some in a very inferior degree. The 
higher orders of animals always maintain a temperature of about 
100° ; it varies a little in different parts of the body, the ex- 
tremities and surface being a degree or two colder than the 
interior vital organs. This temperature is probably very little 
affected by external circumstances, a hot or cold atmosphere 
producing no corresponding change in the heat of the circu- 
lating blood. 

When the chemical changes that take place during respiration 
had been inquired into, and when it was found that the capacity 
of carbonic acid for heat was less than that of oxygen, it was 
supposed that the conversion of oxygen into carbonic acid was 
the cause of the rise of temperature : and as the heat of the 
lungs does not exceed that of the other parts, it was asserted that 
the air was absorbed by the blood, and that the production of 
carbonic acid, and consequent evolution of heat took place gradu- 
ally during the circulation. To these opinions many strong 
objections have from time to time been urged by different phy- 
siologists, but their complete subversion followed the researches 
of Mr Brodie,t who found that the heart was capable of retain- 
ing its functions for some hours, and of carrying on circulation 
in a decapitated animal, and consequently independent of the 
influence of the brain, when respiration was artificially carried on. 
Under these circumstances it was observed, that although the 
change of blood from the venous to the arterial state was perfect, 
no heat was generated, and that the animal cooled regutaty 
and gradually down to the atmospheric standard. In m#* 

. * Biot. Mmmrm Araml* i. and ii. f Phil. Trout. 1811 . 
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than one instance Prof. Brande examined, at his request, the 
expired air, and found that it contained as much carbonic acid 
as was produced by the healthy animal ; so that here circulation 
went on, there was the change of oxygen into carbonic acid, 
and the alteration of colour in the blood, and yet no heat what- 
ever appeared to be generated. 

In these cases a period was also put to the secretory func- 
tions ; and it has been observed by several other physiologist!*, 
that if the nerves that supply any of the glands are injured or 
divided, there is a corresponding change or suspension of their 
secretion. Electricity has sometimes been supposed to have 
some connexion with the nervous influence, and the fact of 
some of the secretions being alkaline, while others are acid 
(corresponding to negative and positive influence), has been 
adduced in favour of the supposition,* but experiment has gone 
little way to sanction such a notion, and although it has been 
proved that the nervous influence contributes to the generation 
of heat in animals, that it presides over the phenomena of 
secretion, as well as of voluntary motion, the actual cause of 
this influence, or energy, remains among those mysteries of 
nature which, doubtless, for the wisest purposes, are hidden 
to the human understanding. 


ADDENDA. 

Liquefaction of Oases . — The following account of Mr Far- 
raday’s experiments on the condensation of several of the gases, 
is taken from his very valuable paper in the Philosophical 
Transactions for 1822. 

Sulphurous Acid. (515). Mercury and concentrated sul- StllrhaPOOt 
phuric acid were sealed up in a bent tube, and being brought to acU * 
one end, heat was carefully applied, whilst the other end was 
preserved cool by wet bibulous paper. Sulphurous acid gas 
was produced where the heat acted and was condensed by the 
sulphuric acid above ; but when the latter had become saturated, 
the sulphurous acid passed to the cold end of the tube, and was 
condensed into a liquid. When the whole tube was cold, if 
the sulphurous acid was returned on to the mixture of sul- 

E huric acid and sulphate of mercury, a portion was reabsorbed, 
ut the rest remained on it without mixing. 

Liquid sulphurous acid is very limpid and colourless, and 
highly fluid. Its refractive power, obtained by comparing it in 
water and other media, with water contained in a similar tube, 

* In the Philosophic^ Transactions for 1809, p. 385, Sir Ererard Homo hat given an account of . 
these views, in a paper entitled Hint! on the Subject of Animal Secretions. 
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appeared to be nearly equal to that of water. It does not solid* 
ify or become adhesive at a temperature of 0° F. When a tube 
containing it was opened, the contents did not rush out as with 
explosion, but a portion of the liquid evaporated rapidly, 
cooling another portion so much as to leave it in the fluid state 
at common barometric pressure. It was however rapidly dissi- 
pated, not producing visible fumes, but producing the odour of 
fare sulphurous acid, and leaving the tube quite dry. A por- 
tion of the vapour of the fluid received over a mercurial bath, 
and examined, proved to be sulphurous acid £as. A piece of 
ice dropped into the fluid instantly made it bod, from the heat 
communicated by it. 

To prove in an unexceptionable manner that the fluid was 
pure sulphurous acid, some sulphurous acid gas was carefully 
prepared over mercury, and a long tube perfectly dry, and 
closed at one end, being exhausted, was filled with it ; more 
sulphurous acid was then thrown in by a coudensing syringe, 
till there were three or four atmospheres ; the tube remained 
perfectly clear and dry, but on cooling one end to 0°, the fluid 
sulphurous acid condensed, and in all its characters was like 
that prepared by the former process. 

Sulphurous acid vapour exerts a pressure of about two atmos- 
pheres at 45° F. Its specific gravity was nearly 1,42. 

Sulphuretted Hydrogen. (554). A tube being bent, and 
sealed at the shorter end, strong muriatic acid was poured ia 
through a small funnel, so as nearly to fill the short leg without 
soiling the long one. A piece of platinum foil was then crum- 
pled up and pushed in, and upon that were put fragments of 
sulphuret of iron, until the tube was nearly full. In this way 
action was prevented until the tube was sealed. If it once com- 
mences, it is almost impossible to close the tube in a manner 
sufficiently strong, because of the pressing out of the gas. 
When closed, the muriatic acid was made to run on to the sul- 
phuret of iron, and then left for a day or two. At the end of 
that time, much protomuriate of iron bad formed, and on plac- 
ing the clean end of the tube in a mixture of ice and salt, warm- 
ing the other end if necessary, by a little water, sulphuretted 
hydrogen in the liquid state distilled oyer. 

The liquid sulphuretted hydrogen was colourless, limpid, 
and excessively fluid. It did not mix with the rest of the fluid 
in the tube, which was no doubt saturated, but remained stand- 
ing on it. When a tube containing it was opened, the liquid 
immediately rushed into vapour ; and this being done under 
water, and the vapour collected and examined, it proved to be 
sulphuretted hydrogen gas. As the temperature of a tube con- 
taining some of it rose from 0° to 45°, part of the fluid arose in 
vapour and its bulk diminished ; but there was no other change: 
it did not seem more adhesive at 0° than at 45°. Its refractive 
power appeared to be rather greater than that of water: it 
decidedly surpassed that of sulphurous acid. The pressure of 
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i is vapour was nearly equal to seventeen atmospheres at the 
temperature of 50°. 

The specific gravity of sulphuretted hydrogen appeared to be 
0,9. 

Carbonic Acid. (643). The materials used in the produc- CaAog k 
tion of carbonic acid, were carbonate of ammonia and concen- ti- 
trated sulphuric acid ; the manipulation was like that described 
for sulphuretted hydrogen. Much stronger tubes are however 
required for carbonic acid than for any of the former substances, 
and there is none which has produced so many or more power- 
ful explosions. Tubes which have held fluid carbonic acid well 
for two or three weeks together, have upon some increase in 
warmth of the weather, spontaneously exploded with great vio- 
lence ; and the precaution of glass masks, goggles, &c. which 
are at all times necessary in pursuing these experiments, are 
particularly so with carbonic acid. 

Carbonic acid is a limpid colourless body, extremely fluid, 
and floating upon the other contents of the tube. It distils 
readily and rapidly at the difference of temperature between 
-32° and 0°'. Its refractive power is much less than that of 
water. No diminution of temperature to which I have been 
able to submit it, has altered its appearance. In endeavouring 
to open the tubes at one end, they have uniformly burst into 
fragments with powerful explosions. 

Its vapour exerted a pressure of thirty-six atmospheres, at a 
temperature of 32°. 

Euchlorine . (285). Fluid euchlorine was obtained by inclo- sotMmm, 
sing chlorate of potassa and sulphuric acid in a tube, and leaving 
them to act upon each other for twenty-four hours. In that 
time there had been much action, the mixture was of a dark 
reddish brown, and the atmosphere of a bright yellow colour. 

The mixture was then heated up to 100°, and the unoccupied 
end of the tube cooled to 0° : by degrees the mixture lost its 
dark colour, and a very fluid ethereal looking substance con- 
densed. It was not miscible with a small portion of the sul- 
phuric acid which lay beneath it ; but when returned on to the 
mass of salt and acid, it was gradually absorbed, rendering the 
mixture of a much deeper colour even than itself. 

Euchlorine thus obtained is a very fluid transparent substance, 
of a deep yellow colour. A tube containing a portion of it in 
the clean end, was opened at the opposite extremity ; there was 
a rush of euchlorine vapour, but the salt plugged up the aper- 
ture ; whilst clearing this away, the whole tube burst with a 
violent explosion, except the small end in a cloth in my hand, 
where the euchlorine previously lay, but the fluid had all dis- 
appeared. 

Nitrous Oxide. (409). Some nitrate of ammonia, previously mt 
made as dry as could be by partial decomposition by heat in •"*** * 
the air, was sealed up in a bent tube, and then heated in one 
end, the other being preserved cool. By repeating the distill*- 
73 
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tion once or twice in this way, it was found on after-examina- 
tion, that very little of the salt remained undecomposed. The 
process requires care. I have had many explosions occur with 
very strong tubes, and at considerable risk. 

When the tube is cooled, it is found to contain two fluids, and 
a very compressed atmosphere. The heavier fluid, on exami- 
nation, proved to be water, with a little acid and nitrous oxide 
in solution ; the other was nitrous oxide. 

It appears in a very liquid, limpid, colourless state ; and so 
volatile that the warmth of the hand generally makes it disap- 
pear in vapour. The application of ice and salt condenses 
abundance of it into the liquid state again. It boils readily by 
the difference of temperature between 50° and 0°. It does not 
appear to have any tendency to solidify at — 10°. Its refrac- 
tive power is very much less than that of water, and less than 
any fluid that has been yet obtained in these experiments, or 
than any known fluid. A tube being opened in the air, the 
nitrous oxide immediately burst into vapour. 

The pressure of its vapour is equal to above fifty atmospheres 
at 45°. 

Cyanogen . (712). Some pure cyanuret of mercury was 
heated until perfectly dry. A portion was then inclosed in a 
green glass tube, in the same manner as in former instances, 
and being collected to one end, was decomposed by heat, whilst 
the other end was cooled. The cyanogen soon appeared as a 
liquid : it was limpid, colourless and very fluid : not altering its 
state at the temperature of 0°. Its refractive power is rather 
less, perhaps, than that of water. A tube containing it being 
opened in the air, the expansion within did not appear to be very 
great ; and the liquid passed with comparative slowness into the 
state of vapour, producing great cold. The vapour, being 
collected over mercury, proved to be pure cyanogen. 

A tube was sealed up with cyanuret of mercury at one end, 
and a drop of water at the other ; the fluid cyanogen was then 
produced in contact with water. It did not mix, at least in 
any considerable quantity, with that fluid, but floated on it, 
being lighter, though apparently not so much so as ether would 
be, in the course of some days, action had taken place, the 
water had become black, and changes, probably such as are 
known to take place in an aqueous solution of cyanogen, occur- 
red. The pressure of the vapour of cyanogen appeared to be 
3,6 or 3,7 atmospheres at 45° Fahr. Its specific gravity was 
nearly 0,3. 

Ammonia . (457). When dry chloride of silver is put into 
ammoniacal gas, as dry as it can be made, it absorbs a large 
quantity of it: 100 grains condensing above 130 cubical inches 
of the gas : but the compound thus formed is decomposed by a 
temperature of 100° F. or upwards. A portion of this com- 
pound was sealed up in a bent tube, and heated in one leg, 
whilst the other was cooled by ice or water. The compound 


Digitized by 


Google 


ADDENDA. 


579 


thus heated under pressure, fused at a comparatively low tem- 
perature, and boiled up, giving off ammoniacal gas, which con- 
densed at the opposite end into a liquid. 

Liquid ammonia thus obtained was colourless, transparent, 
and very fluid: Its refractive power surpassed that of any other 
of the fluids described, and that also of water itself. When the 
chloride of silver is allowed to cool, the ammonia immediately 
returns to it, combining with it, and producing the original 
compound. During this action a curious combination of effects 
takes place ; as the chloride absorbs the ammonia, heat is pro- 
duced, the temperature rising up nearly to 100 °; whilst a few 
inches off, at the opposite end of the tube, considerable cold is 
produced by the evaporation of the fluid. When the whole is 
retained at the temperature of 60°, the ammonia boils till it is 
dissipated and re-combined. The pressure of the vapour of 
ammonia is equal to about 6,5 atmospheres at50°. Its specific 
gravity was 0,76. 

Muriatic Acid. (366). When made from pure muriate of 
ammonia and sulphuric acid liquid muriatic acid is obtained 
colourless, as Sir Humphry Davy had anticipated. Its refrac- 
tive power is greater than that of nitrous oxide, but less than 
that of water ; it is nearly equal to that of carbonic acid. The 
pressure of its vapour at the temperature of 50°, is equal to 
about 40 atmospheres. 

Chlorine . (270). The refractive power of fluid chlorine is 
rather less than that of water. — The pressure of its vapour at 
60° is nearly equal to 4 atmospheres. 


Mr Brunei having been engaged during three years in en- 
deavouring to apply the liquids resulting from the condensation 
of the gases, as mechanical agents has succeeded in producing 
quantities of liquid carbonid acid amounting to a pint and a 
half ; and has been able so to arrange his apparatus as to con- 
fine the substance even at high temperatures by tubes of brass 
not above the 3 V of an inch in thickness. — Quart . Jour. No. xli. 

New Orange Gas: A German chemist M. Unverdorben, 
has discovered that after mixing together fluor-spar and chro- 
mate of lead, and distilling them in a leaden retort with sul- 
phuric acid, a gas resulted which could not be collected, as it 
destroyed the glass. This gas gave a very thick yellow or red 
smoke, it was readily absorbed by water, which was then found 
to contain a mixture of chromic and fluoric acids. On com- 
ing in contact with the air, it deposited small red crystals, 
which were those of chromic acid. Prof. Berzelius collected 
the gas in glass flasks covered with melted resin, and filled with 
mercury. It gradually attacks the resin, deposits chromic acid 
in its mass, and penetrates even to the glass, which it decom- 
poses Without change of volume, the chrome being replaced by 


Muriatic 

acid. 


Chlorii>«. 


New oranf* 


Digitized by LjOOQle 



580 


ADDENDA. 


silicium. Ammoniacalgas burns in it with explosion ; witer 
dissolves it and yields an orange coloured fluid, which, evapo- 
rated to dryness in a platinum dish, leaves as a residue pure 
* chromic acid ; the fluoric acid volatilizes entirely. This method 
is at present the only one which gives chromic acid perfectly 
pure. 

If the gas is received in a platinum vessel of some depth, 
whose sides have been slightly wetted, and into the bottom of 
which the gas has been made to descend, the water begins to 
absorb the gas, but, by and by, crystals of a fine red colour are 
seen to form round the opening of the metallic tube, which con- 
veys the gas, and in a short time, the vessel is filled with a red 
snow, consisting of crystals of chromic acid. The fluoric acid 
dissipates itself in vapour, and absorbs the water. The crystals, 
when heated to redness in a platinum dish, begin at first to 
melt and afterwards by a slight explosion, accompanied with a 
flash of light, they decompose themselves into oxygen gas and 
the green protoxide of chromium. 

A gas similar to this is obtained by distilling chromate of 
lead with chloride of sodium, which contains chrome combined 
with chlorine, in such proportions, that the water, by its decom- 
position, gives rise to the formation of the hydrochloric and 
chromic acids. This gas is red and may be collected over mer- 
cury. — Edin. Jour . qf Science , iv. 129 . 
ltapMkaiiM. Naphthaline , is a peculiar crystallizable substance, which is 
deposited from the naphtha distilled from coal tar, and consists 
of hydrogen and carbon, containing no oxygen, as Mr Braude 
ascertained (Phil. Trans . 1822 , p. 473 ). It is soluble in alco- 
hol and ether, and in the fixed and volatile oils. It has a pun- 
gent aromatic odour, melts at 180 °, assuming a crystallized 
appearance as it cools, and boils at about the temperature of 
400 °. By repeated solution in alcohol and crystallization, it 
may be obtained of a fine white colour and pearly lustre. 

Mr Faraday has discovered that during the mutual action of 
sulphuric acid and naphthaline, a compound of the acid with 
hydro-carbon is formed, differing from all known substances, 
and which, possessing acid properties and combining with sali- 
fiable bases to produce a peculiar class of salts, has been distin- 
fiirht nvh gushed as the Sulpho-naphthalic acid . This acid is best 
obtained by introducing about two parts of naphthaline and one 

G rt of concentrated sulphuric acid into a flask, the temperature 
ing raised until the naphthaline melts; the flask should be agi- 
tated : combination takes place and after repose and cooling in 
tubes, two substances are found, both in the solid state. The 
lighter is naphthaline, containing a little of the peculiar acid in 
union with it; it is crystalline and hard, like common naphtha- 
line, but of a red colour ; when melted and agitated with water, 
the acid is washed out, and the naphthaline separates. The 
lower and heavier substance is also crystalline h it softer than 
' the upper, and consists principally of the hydrated peculiar 
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acid, containing some uncombined naphthaline, it is distinguish- 
ed as the impure solid acid . 

To obtain the pure acid, carbonate of baryta was rubbed in a 
mortar with the diluted impure acid which it neutralized form- 
ing salts of baryta. The impure acid containing free sulphuric 
acid, insoluble sulphate of baryta was formed from which a solu- 
ble salt was easily separated. The baryta was separated from 
the neutral and pure solution by the careful addition of sulphu- 
ric acid, the liquor after filtration was found to be a pure aque- 
ous solution of the new acid. It had a bitter acid taste, changed 
the vegetable colours, and combined with and neutralized all 
bases. By evaporation at a low temperature, it yielded the 
acid in a white solid crystalline form, unchangeable in close 
vessels, but deliquescing in the air. Heated to 212° it melted 
and crystallized on cooling; at higher temperatures it gave off 
water, then changed colour, charred, and ultimately produced 
naphthaline, sulphurous acid, and charcoal. 

The salts which it forms with bases are all soluble in water 
and in alcohol. By Mr Faraday’s analysis of the salt formed 
with baryta, it was found to consist of 

Or nearly 

Baryta .... 78,00 ... 1 proportional / 

Sulphuric acid . 85,35 ... 2 proportionals 

Carbon . . . 118,54 ... 20 

Hydrogen ... 8,13 ... 8 

Abstracting the baryta it leaves the elements of the acid. — 
Quart. Jour. No. 41, p. 182. 
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•Acetate of alumina, 544 
ammonia, 541 
baryta, 542 
copper, 542 
iron, 542 
lead, 543 
lime, 541 
potassa, 541 
silver, 544 
soda, 541 
stroutia, 542, note, 
tin, 542 
zinc, 542 
•Acetic acid, 540 

modes of obtaining, 540 
analysis of, 541 
properties of, 540 
ether, 545 
•Acetous acid, 

obtained from wood, 540 
•Acidity, oxygen not essential to, 88 
•Acid , muriatic, formation of, 113 
• Acids , some produced by hydrogen, 88 
and by chlorine, 88 
terminology of, 76 
law respecting their saturation 
by bases, 20 
metallic, 214 
metals oxidized by, 214 
native vegetable enumerated, 
499 

acetic, 540 
antimonic, 335 
antimonious, 335 
arsenic, 358 
arsenious, 358 
benzoic, 512 
boletic, 514 
boracic, 207 
camphoric, 490 
carbonic, 178 
carbosulphuric, 204 
cetic, 566 
chloric, 93 
chloriodic, 99 
chloro-cyaiiic, 200 
chloro-carbonic, 177 
chromic, 370 
citric, 508 
columbic, 377 
ellagic, 514 
ferrureted chyazic, 301 
fluoboric, 265 
formic, 455 


•Acids, gallic, 510 

hydriodic, 117 

hydro-chloric. See Muriatic, 
113 

hydro-cyanic, 200 
hydro-fluoric, 264 
hydro-nitric, 128 
hydro-phosphorous, 168 
hydro-sulphurous, 148 
hydrothionic, 158 
hydro-xanthic, 204 
hypo-nitrous, 124 
hypo-phosphorous, 168 
hypo-sulphuric, 157 
hypo-sulphurous, 15C 
igusuric, 497 
iodic, 97 
kinic, 514 
laccic, 492 
iodo-sulphuric, 158 
lactic, 553 
lampic, 537 * 

malic, 509 
margaritic, 566 
jneconic, 495 
roellilic, 499 
inoiybdic, 368 
molybdous, 368 
moroxylic, 513 
mucic, 552 
muriatic, 113, 114 
nitric, 126 
nitro-muriatic, 130 
nitro sulphuric, 406 
nitrous, 125 
oleic, 566 
pxalic, 504 
oxy iodic, 97 

oxy muriatic. See Chlorine , 88 
perchloric, 95 
per nitrous, 124 
phosphatic, 168 
phosphoric, 166 
phosphorous, 165 
prussic, 200 
purpuric, 557 
pyroligneous, 540 
pyromucous, 462 
pyro-tartarous, 501 
saclactic, 552 
•elenic, 356 
■ilici-fluoric, 428 
sorbic. See •Acid , Malic. 
stibious, 335 
suberic, 475 
sulphuric* 150 
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Acids , sulphurous, 148 

sulphuretted chyazi?, 202 

stilpho-cyanic, 202 

tartaric, 500 

telluric, $54 

tungttic, 374 

uric, 557 

zumic, 514 

Action , chemical phenomena accom- 
pany iug, 10, 11 
Adipocire , 547 

Aeriform , bodies. See Gases* 

Affinity , chemical. See Chemical Af- 
finity, 

of aggregation, 3 
elective, 13 
complex, 15 
double elective, 15 
simple, table of, 14 
Air , pump, 141 

compression of, evolves heat, 31 
Albumen, properties of, 548 
tests of, 549 
altered by beat, 549 
of the coagulation of, 549 
galvanism, a test of, 549 
Alcohol, conversion of sugar into, 528 
freezing of, 529 
preparation of, 528 
an eriuct, 528 
properties of, 530 
mixture of water with, 529 
combustion of, 530 
substances soluble in, 530 
analysis of, 53 1 
composition of, 531 
action of acids on, 531 
inodes of ascertaining its puri- 
fy, 529 

solubility of substances in, 
530 

of sulphur, 202 
Algarotti's , powder, 335 
Alkali , silicated, 427 

volatile. See Ammonia . 
Alkalies , native vegetable, 494 
Alloys , 219 

apt to separate when in fusion, 

220 

terminology of, 219 
their ingredients exist in defi- 
nite proportions, 220 
qualities of the metals altered 
in* 220 
Alum , 431 

component parts of, 431 
Alumina, attempt to decompose, 429 
method of obtaining, 429 
its properties, 429 
equivalent of, 431 
sulphate of, 432 
nitrate of, 431 
muriate of, 430 
acetate of, 544 


Aluminum, 429 

Amalgams , 219. See Mcrturj, 

Amber, 493 

acid oC See Suecmic Aril 
Ambergris , 567 

Ammonia , preparation and qualities o£ 

133 

specific gravity of, 134 
may be inflamed when 
mixed with oxygen, 135 
action of chlorine on, 

134 

chlorate of, 136 
analysis of, 135 
rapidly and largely absorbed 
by water, 133 
salts with base of, 136 
inflammation of, 133 
water of, 134 
hydrofluate of, 265 
urate of, 561 
carbonate of, 185 
bi-carbonate of, 186 
iodate of, 136 
aesqui-carbonate of, 186 
sulphate of, 158 
hydrochlorate oC See Mu- 
riate, 136 

bydrosulpburet of, 161 
hydriodate of, 138 
nitrate of, 138 
muriate of, 136 
•olution of copper in»3tl 
oxalate of, 506 
acetate of, 541 
phosphate of, 169 
auccinate of, as a test, 
494 

molybdate of, 369 

Ammoniaco- magnesian phosphate, 558 

Amyline , 468 

Analysis, term defined, 20 

proximate and ultimate,*?; 
ultimate of organic subst** 
ces, 455 

apparatus for, 458 
of earths and stones, 438 
minerals in general, 438 
mineral waters, 444 447, 
453 

Anhydrous, term defined, 98 
Animal jelly. See Gelatine, 562 
oil, 565 

substances, 545 
proximate principles of^ 54f 
Antimoniates, 335 
Antimonie acid, 335 
Antimonious acid, 335 
Antimonites , 335 
Antimony, 332 

mode of obtaining 
332 

oxides of, 333 
acidifiable, 334 
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Antimonyy ignited, detonates with the 
vapour of water, 333 
chloride of, 335 
salts of, 337 
phosphate of, 337 
golden sulphur of, 336 
sulphuret of, 335 
glass of, 336 

mode of ascertaining 
its purity, 336 
hydro-sulphuretted oxide of, 
336 

alloys of, 338 
analysis of, 339 
tartarized, 504 

Ants , acid obtained from, 555 
Apparatus , chemical, 76, 102, 108 
Woulfe 1 *, 90, note. 

Aqua fortis , 127, 129 

mode of ascertaining the 
purity of, 127 
See Nitric Acid, 129 
regia, 130 
Arbor Dianx, 403 
Archil, 525 

Argentine flowers of antimony, 333 
Arrow root, 469 
ArseniateSy 360 

Arsenic , mode of obtaining, 357 
properties of, 357 
tinges copper white, 367 
properties of white oxide of, 
358 

chloride of, 362 
sulphurets of, 364 
separation of, 366 
method of discovering, 366 
compound of hydrogen with, 
363 

acid, mode of obtaining, 359 
properties of, 359 
iodide of, 363 
alloys of, 365 
ArsenittSy 359 
Arstnious acid, 358 
Arsenureted hydrogen gas, 363 
Asparaginy 474 
Asphaliumy 498 
Atmospheric air, 140 

weight of, 140 
composition of, 141 
con t ains carbonic acid, 
145 

Atomic theory, 17 
Alomsy simple, 3 

compound, 3 
component, 3 
elementary, 3 
organic, 18 
figure of, 8 

ultimate of bodies, weight of, 
18 

Atr&piay 519 
AUractiony 2 

74 


Attracliony heterogeneous, 3 
results of, 3 
Aururn munrum, 313 
Atotic Gas. See Nitrogen. 
Aurate of potassa, 411 


B. 


Baldwin's phosphorus, 258 
Balloons , 103 
Balsamsy 492 

Barilla. See Soda, Carbonate of. 
Bariumy 266 

peroxide, use of in oxyge- 
nating water, 267 
hydrate of, 266 
chloride of, 209 

Barksy table of quantity of tan in diffe- 
rent sorts, 477 

Barometcry roles for reducing gases to 
a mean height of, 82 
Barytay hydrate of, 266 

hyposulphite of, 271 
ferrocyanate of, 274 
properties of, 266 
carbonate of, 274 
sulphate of, 271 
method of procuring pure, 272 
seleniate of, 274 
iodate of# 270 
arseniate of, 361 
Bariumy 266 

phosphate of, 274 
sulphite of, 271 
nitrate of, 270 
properties of salts fc of, 274 
chlorate of, 270 
oxalate of, 507 
acetate of, 542 
test of carbonic aoid, 267 
Basisy in dyeing, 478 
Bell-mctaly 325 
BenxoateSy 513 
Bentoic acid, 512 
Bicarbonate of potassa, 240 
of soda, 250 
of ammonia, 186 

Bi carbureted hydrogen. See Oltjlant 
Gas. 

Bichloride of mercury, 386 
Bi-sulphate of potassa, 236 
Bi-tartrate of potassa, 502 
BiUy resin of, 553 
of the ox, 553 
peculiar matter in, 554 
human, 572 
BiUy calculi of, 554 
Binoxalate of potassa, 506 
Bird limey 470 
Bismuthy properties of, 340 
oxide of, 340 
chloride of, 341 
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Bismuth, Itilphnret of 341 
allots of, 342 

its Himes destroy the dactift" 
ty of gold, 342 
Bittsr principle, 473 
Bitumen, elastic, 498 
Bitumens , 497 
Black dye, 479 
Black-lead , 298 
Bleaching , 91, 257 
Blende , 307 

2?/oorf absorbs oxygen, 84 
coagulation of, 549 
serum of, 548 
serosity of, 549 
crassamentnm of, 548 
fibrin of, 549 
red globules of, 550 
its colour not owing to iron, 
551 

effects of respiration on, 573 
Blowpipe, use of in examining mine- 
rals, 439 
Blow-pip ts, 105 

With oxygen and hydrogen, 
105, 106 

Blue, prussian, 299 

nature of, 300 % 

Boiling point. 111 

of mercury, 382 
Boletic acid, 514 
Bologna phosphorus, 272 
Bones, 569 

distillation of, 569 

Boracic acid, mode of obtaining, 206 
native, 207 
properties ofl 207 
compound of fluoric with, 265 
Borald of soda, 260 
Borax , 250 
Boron, 206 

Brain, analysis of the, 567 
Brass, 325 

Brasil wood, as a dye, 483 
British gum, 469 
Bronte, 325 
Brooke's Wow pipe, 106 
Brucia, 497 
Butter , 562 

of antimony, 336 
bismuth, 341 
shic, 306 

Brunswick green, .321 


C. 


Cabbage, tincture of, 10, note. 
Calcareous spar, 262 
Cadmium, 315 
Calamine, 306 
Calcium, 254 

chloride of, 266 


Calcium, fldate of, 263 
Calculi, urinary, 560 
biliary, 554 
Calico-printing, 484 
Calomel, 384 

Caloric, general observations on, 21 
sensations of beat and cold, 
21 

definitions of, 21 
repulbive, 21 
expands bodies, 22 
moves immeasurably quick in 
all directions, 31 
conducting power of bodies 
for, 35 

Rumford’s experiments, 38 
combined, 30 
absorbed in liquefaction, 39 
given out by increasing tbs 
density of bodies, 31 
capacity for, 29 
reflection of, 31 
absorption of, 34 
conductors of, 34 
the cause of liquidity, 39 
given out by liquids on be- 
coming solid, 6 
evolved during the separation 
of a salt from its solotioa, * 
42 

the came of vapoor, 22, 42 
absorbed in evaporation, 44 
evolved during the condensa- 
tion of vapour, 45 
evolved from gases bj me- 
chanical pressure, 31 
absorbed during solution, 39 
charcoal, a very slow con- 
ductor of, 174 
expansion of air by, 24 

liquids by, 23 
water by, 25 
solids by, 22 

specific, 29 
latent, 45 

apparatus for showing 
tbe most important 
facts respecting, A 
45 

TttiiOnt, 31 
epecific, 29 
Calorimeter, 31 
Calorimotor, Hare's, 71 
Camphor, 490 

acidification of, 490 
artificial, 491 
Caoutchouc, 470 

preparation of ether for 
dissolving, 633 
mineral, 498 
Capacity for caloric, 29 
Carbon, 173 

combustion of, 178 , 

compounds with chlorine, 1" 
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Carbon, fusion of, 174 

and hydrogen, 190 
hydro-chloride of, 101 
hydriodide of, 192 
sulphuret of, 202 
decomposition of, 203 
combination of hydrogen with, 
190 

oxygen with, 
175 

phospburet of, 204 
Carbonate of ammonia, 185 
baryta, 274 
copper, 324 
iron, 299 
lead, 331 
lime, 261 
magnesia, 282 
potassa, 237 
soda, 249 
strontia, 277 
Carbonic acid, 178 

composition of, 180 
method of procuring, 181 
analysis of, 180 
properties of, 182 
generated in several 
cases of combustion, 
183 

tests of, 183 

gaa, quantity of, absorb- 
ed by water, 182 
weight of, 183 
its effects on vege- 
tation, 1H4 

its combination with 
chlorine, 177 

Carbonic oxide, 175 

method of procuring, 
176 

properties of, 176 

Carburet , 76 

of iron, 298 
of nitrogen, 198 
Carbureted hydrogen, 190 

analysis of mix- 
tures of, 196 
varieties of, 192 
methods of pro- 
onring, 190, 
194 

combustion of, 
190 

specific gravity 
of. 190 

action of chlorine 
on, 191 

Carmine, 483 

Cassius, purple powder of, 412 

Cassava , 469 

Castorine, 556 

Castor, 556 

Catechu, 476 

Caustic, lunar, 403 


Catok, 272 
Cementation , 303 
Cerasin, 463 
Cerebral substance, 567 
Cerin, 485 
Cerium, 352 

how procured, 35 ft 
ores of, 353 
oxides of, 352 
action of acids on, 353 
Ctrulin, 482 

Ceruse . See White Lead . 

Cetic acid, 566 
Celine, 566 

Chain of cups, galvanic, 64 
Chalk* 254 

Chameleon mineral, 287 
Charcoal, 173 

how obtained, 173 
quantities afforded by differ 
rent kinds of wood, 174 
its properties, 174 
imbibition of gases by, 175 
resists putrefaction, 174 
a slow conductor of caloric, 
174 

fusible by galvanic electrici- 
*7, I'M 

how prepared for making 
gunpowder, 173, 540 
See Carbon , 

Cheese, 552 

Chemical laboratory, vii. 

elements, new system of, 
17 

attraction, 9 

how exerted, 3 
causes that modify 
its action, 3, 12 
experimental illustra- 
tions of, 11, 12, 13, 
15 

of compounds the re- 
sult of the affinities 
of their elements, 
12 

does not take place 
at a perceptible dis- 
tance, 10 
equivalents, 20 
Chemistry defined, 1 

foundations of, 2 
utility of its study as a sci- 
ence, 1 
object of, 1 

classification of the objects 
of, 2 

nomenclature of, 75 
Chlorate of ammonia. 136 
baryta, 270 
lime, 257 
potassa. 228 
soda, 247 
strontia, 276 
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Chloric ether, 191 
acid, 93 

properties of, 94 
Chloride of nitrogen, 131 
carbon, 187 
phosphorus, 169 
arsenic, 362 
•odium, 245 
of silver, 401 
effects of light on, 401 
lead, 328 
lime, 256 
Chlorides , 91 
Chlorine^ 88 

protoxide of, 91,577 
peroxide of, 92 
hydrate of, 89 
nature of, 117 

and hydrogen gases, effects 
of light on, 113 
explosion of, 113 
pure, condensed into a liquid, 
89, 579 

combined with oxygen, 91,92 
nitrogen, 13 1 
hydrogen, 113 
action on ammonia, 134 
metals, 215 

union with cyanogen, 200 

carbon and its 
compounds, 187 
sulphur, 158 
tin, 311 

phosphorus, 169 
action of iodine 
on, 99 

its action oh 
gold, 410 
copper, 319 

Chlorine gas, 88 

how formed, 88 
its properties, 89 
condensible into a liquid, 
89,579 

absorbable by water, 90 
Chloriodates , 99 
Chlorxodic acid, 99 
Chlorophane , 263 
Cholesterine , 554 
Chromium, 370 
Chromate of lead, 371 

of potassa, 371 
CArome yellow, 372 
Chromic acid, 370 
Chyastc acid, 301 
Cinchonia , 517 
Chyle , 571 
Chyme, 570 
Cinnabar , 391 

manufacture of, 391 
native, 391 
Citisin , 523 
Cilrale j, 509 

CUnc acid, process for obtaining, 508 


Citric acid, properties of, 509 
analysis, 509 
Clyssus of nitre, 233 
Coal, 497 

varieties of, 498 
gas from, 192 

Coal mints, fire damp of, 195 
Coating for retorts, 163 
Cobalt , method of obtaining, 342 
carbonate of, 346 
properties of, 343 
oxides of, 343 
chloride of, 344 
nitrate of, 345 
salts of, 344 
alloys of, 346 

Cocculus indices, peculiar principle of, 
473 

Cochineal, 483 

Coffee , 522 

Cohesive affinity, 3 

Cohesion , (See Cohesive Affinity,) 3 

Coke, 175 

Cold, artificial methods of producing, 
40, 44, 48 

produced by rarefaction of air, 
31 

tables of mixtures for, 40 
Colouring matter, 478 
Colours changed by chemical action, 
11 

vegetable, destroyed by chlo- 
rine gas, 91 

substantive and adjective, 478 
Columbium , 376 

the same as tantalum, 376 
how obtained from tanta- 
lite, 377 

Combination alters the properties of 
bodies, 10 
Combustion, 57, 87 

in oxygen gas, 84 
increases the weight of 
bodies, 87 

in atmospheric air, 141 
Compounds, their chemical action the 
result of the affinities of 
their parts, 12 

Conductors of caloric, 35 
Congelation , artificial. 40, 48 
Cooling , rate of, varied by difference 
of surface, 33 

Copper, method of purifying, 317 
oxides of, 318 
chlorides of, 319 
persulphate of, 323 
nitrate of, 320 
plates, preservation of, 326 
phosphate of, 323 
borate of, 324 
sub-sulphate of, 323 
sulphite of, 322 
carbonate of, 324 
super-carbonate of, 324 
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Copper , hydrated. per-oxide of, 321 
per-muriate of, 319 
proto-muriate of, 320 
action of chlorine on, 319 
acetate of, 542 
sulphoret of, 322 
phosphuret of, 323, no/e. 
combination of ammonia with, 
321 

alloys of, 325 
ferro-cyanate of, 324 
arseniate of, 36 1 
reduction of ores of, 322 
mode of detecting, 326 
Cork and its acid, 475 
Corrosive sublimate, 386 
Cotton , 475 

Cotton-mills , probable canse of fires in, 
488 

Cream of milk, 551 
of tartar, 502 
Crocus metallorum, 336 
Cryophorus, 48 
Crystallisation, 4 

conditions for, 4 
watdr of, 5 
how promoted, 6 
influence oflight upon, 6 
connexion of with 
chemistry, 9 
Crystals , structure of, 7 

large, how obtained, 6 
Cupellation , 408 
Curd , 551 
Cuticle , 562 
Cyanic acid, 198 
Cyanides , 199 
Cyanogen, 198 

how obtained, 198 
its properties, 198 
analysis of, 199 
and iodine, 200 
and hydrogen, 200 
Cyanures, 199 
Cystic oxide, 561 


D. 


Dalton , Mr his system of chemical 
elements, 17 
DanieWs experiments, 8 
Decomposition, effected by galvanism, 
65, 67 
simple, 14 
Deliquescence , 5 
Davy's theory of chlorine, 116 
Delphia, 497 

Deoxidising rays of light, 54 
Detonating powders, 229, 233, 132, 
400 

Deutoxides , 76 
Dew, 49 


Diamond t pure carbon, 173 

combustion of the, 178 
Diabetic urine, 560 
Differential thermometers, 29 
Digestion , secretions subservient to, 
570 

Dilatation . See Expansion. 

Dippcl's oil, 546 ^ 

Distillation , 110 
Ductile metals, 212 
Dutch gold, 325 
Dyeing , art of, 478 

colouring matters, 483 


E. 


Earths , means of separating, 449 

Efflorescence , 5 

Egg, yolk of, 567 

Eggs, 567 

Elaine , 566 

Elastic gum. See Caoutchouc, 
Elasticity , increased by caloric, 42, 47 
of metals, 212 

Elective affinity. See Affinity. 
Electricity, chemical agencies of, 65 
theory of, 59, 173 
Electro magnetism , 65 * 

Electro-negative bodies, 66, 75 
Electro-positive bodies, 66, 101 
Elements , chemical, defined, 21 
new system of, 17 
Emetin , 474 
E liquation, 332 

Epsom salt. See Magnesia, sulphate 
of. 

Equivalents , chemical, defioed,20 
scale of, 20 

Essential oils, 489 

Ether , effects of caloric on, 42, 533 
solution of phosphorus in, 533 
gold in, 533 
platinum in, 533 
methods of preparing, 531 
purification of, 533 
analysis of, 534 
acetic, 545 
chloric, 191 
hydriodic, 539 
muriatic, 538 
Ether , nitric, 537 

sulphuric, 531 
Ethiops martial, 291 
Euchiorine , 91 

Eudiometer , Berthollet’s, 144 
Scheele's, 143 
Dcebereiner's, 145 
Hope's, 143 
Pepys\ 144 
Davy's, 144 
Volta's, 142 
Ure's, 143, note. 
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Eudiometer , with nitrons gas, 144 

solution of nitrous gas 
and iron, 144 
Evaporating vessels, 46 
Evaporation occasioned by caloric, 4 
defined, 4 
spontaneous, 5 
Expansion , 22 

of solids by heat, 22 
liquids by do. 23 
gases by do. 24 
air, 24 
metals, 22 

exceptions to the general 
law of. 25 
Expansion of mercury, 24 
Extract vegetable, 472 
Eye , humours of the, 555 


F. 


Farina. 8ee Starch . 

Fat of animals, 565 
Feathers , 565 
Fermentation, vinous, 526 
Ferrocyanate of potassa, 300 

its use as a 
test, 30! 

Ferruretcd chyazic acid, 301 

Fibre, woody, 475 

Fibrin , of the blood, 549 

Finery cinder, 290 

Fire-damp of coal mines, 195 

Fireworks without smell or smoke, 103 

Fish, scales of, 568 

respiration of, 574 
Fixed oils, 486 
Flints , 426 

liquor of, 427 
Flowers of sulphur, 146 
Fluale of ammonia, 265 
Fluoboric acid, 265 
Fluoric acid, mode of obtaining, 264 
silicated, 428 
hydro-fluoric, or liquid. 
263 

compound of borax with, 
265 

decomposed bj potassi- 
um, 264 

Fluorine , 263 

Flux , black, 357, note . 

Formic acid, 555 
Freezing mixtures, 40 

apparatus, 41 

in vacuo, Leslie’s method, 47 
Frost-bearer , 48 
Fulminating gold, 4 1 1 

mercury, 390 
platinum, 420 
powder, 233 
silver, 400 


Fuming liquor, Boyle’s, 161 

Libavius’s, 311 

Fungin , 474 

Fusion, crystals formed by, 5 
watery, 5 
Fusible metal, 342 
calculi, 561 
Fustic , 483 


6 . 


Galena, 329 
Gall ale of iron, £12 
Gallic acid, methods of obtaining, 510 
composition of, 511 
properties of, 51 1 
Galls , tincture of, as a test, 512 
yield tan, 476 
Gall stones , 554 

a pigment, 554 

Galvanic arrangements, construction 
of, 64 

battery, Hare’s, 72 
pile, 63 

apparatus, 65, 66, 71, 72 
Galvanism, 63 

eaci lenient of, 63 ' 

its similarity to electricity, 
69 

chemical agencies of, 65, 
67 

theory of the changes pro- 
duced by, 66 

Gases, expansion of by beat, 24 

condensible by pressure into 
liquids, 575 

apparatus for experiments on, 
76 

method of weighing, 81 

transferring, 81 

give out their latent beat by 
compression, 31 

tendency to become thorough- 
ly mixed, 105 

absorption of, by charcoal, 175 
general law of their union by 
volumes, 180 

rules for reducing to a mean 
pressure and temperature, 82 
tend to mix together, 105 
liquefaction of, 575 
Gas-holder, 78 
Gas, ammoaiacal, 133 

arsenuretted hydrogen, 363 
azotic or nitrogen, 1 19 
bi-caiburet of hydrogen, 197 
carbonic acid, 178 
carbouic oxide, 175 
carburetled hydrogen, 190 
coal, 192 
chlorine, 88 
euchloric, 92 


Digitized by LjOOQle 



I*MX< 


491 


Gas, fluoboric acid, 965 
hydriodic acid, 117 
hydro-phosphoric, 179 
hydrogen, 101* 
hydro*zincic, 908, notz 
muriatic acid, H3 
nitric oxide, 129 
nitrogen, 1 19 
nitrous, 122 
nitrous acid, 125 
nitrous oxide, 120 

its purity ho# as- 
certained, 121 

oil, 193 
olefiant, 190 
oxygen, 83 

oxy muriatic acid. See Chlorine 
gas. * 

phosgene, 177 

phoephureted hydrogen, 170 
potassiureted hydrogen, 231 
prussic acid, 200 
silicated fluoric, 426 
sulphurated hydrogen, 16B 
sulphurous acid, 148 
tellu reted hydrogen, 355 
Gas lights, 193 
Gastric juice, 570 
Gasometer, 77 

mercurial, 79 

Gelatine # properties of, 562 
test of, 563 
decomposition of, 562 
Gilding of steel, 633 
Glass, how made, 427 

decomposed by hydro-fluoric 
acid, 428 

tinged blue by saltire, 346 
of antimony, 336 

mode of ascertain- 
ing its purity, 
336 

of borax, 250 

Glauber's salt. See Sulphate sf Soda . 
Gliadine , 471 

Glucina , method of obtaining it, 435 
its properties, 436 
Glucinum, 435 
Glue, 563 

Gluten, vegetable, 470 
Gold, malleability of, 409 
ductility of, 409 
chloride of, 410 
oxides of, 409 

fulminating compound of, 411 
revival of, 412 
precipitants of, 412 
solution of^ in ether, 413 
solvents of, 410 
coins of U. S. 415 
sulphuret of, 413 
phosphuret of, 413 
equivalent of, 413 
alloys of, 414 


Geld , fineness of, 416 

its colour destroyed by 'arsenic 
and antimony, 415 
imitations of, 421 
its ductility destroyed by being 
kept in fusion near melted bis- 
muth, 342 

analysis of alloys af, 415 
Golden sulphur of antimony, 336 
Goulard's extract, 544 
Gravel , urinary, 560 
Gravitation, 3 

Grasnty, specific, effect of chemical 
anion on, 12 
of gases, 83 
water, standard of, 
111 

Gusiacum, 492 
Gum, 461 

composition of, 462 
British, 469 
elastic, 470 
Gum-resins, 493 
Gunpowder, composition of, 233 
peculiar kind of, 230 
preparation of charcoal 
for, 173, 540 
Gurney's blow pipe, 106 
Gypsum , 259 


H. 


Hare's blow pipe, 105 
Hair, method of staining it black, 404 
analysis of, 565 
Heat . See Calorie, 
animal, 514 
table of latent heat, 45 
Hematin, 473 
Hepars, See Sulphurets, 

Homberg's pyrophorus, 432 

sedative salt. See Boracic 
Jlcid , 

Honey, 464 

stone, 499 
Hordein, 467 
Horn, 565 
Horn lead, 328 

House-leek, malio acid obtained from, 
509 

Humours of the eye, 656 
Hydrate, what, 111 

of chlorine, 89 
of cobalt, 345 
of copper, 321 
of lime, 255 
of magnesia, 279 
of potaase, 227 
Hydriodates, 118 
Hydriodic acid, 1 17 
Hydro-chloric acid, 113 
Hydro- cyanic held, 200 
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Hydro-fluoric acid, 263 
Hydrogen , an acidifying principle, 88 
deutoxide or peroxide of^ 
267 

compounds with carbon, 190 
does not support combus- 
tion, 105 

or life, 105 , 

explodes with oxygen, 104 
unity, 112 

musical tones produced by, 
105 

compounds of metals with, 
216 

gas, 101 

method of procuring, 101 
its properties, 102 
caution with respect to 
firing, 103 
weight of, 102 
with oxygen, forms wa- 
ter, 107, 108 
explodes, 88 
heat given out by its 
combustion, 105 
combination of chlorine 
with, 113 

forms an acid gas with 
iodine, 117 
solution of zinc in, 308 
arsenureted, 363 
, carbureted, 190 

pbosphureted, 170 
potassiureted, 231 
sulphurated, 158 
liquefaction of, 576 
super-sulphurated, 161 
tellureted, 354 
selenureted, 357 
sulphureted, compounds 
of, with metals, 218 
liquid. See 
Sulpkuret of 
carbon, 

Hydrogureted sulphur, 162 
Hydrometer , 527 
Hydro-nitric acid, 128 
Hyponitroui) 124 
Hydrosulphuric acid, 159 
Hydro-oxide of cobalt, 345 
copper, 321 
Hydro phosphoric gas, 172 
Hydro- sulphur et of ammonia, 161 
Hydro-sulphuretSy 161 

blacken glass, 161 
Hydro -sulphureted oxides, 218 
Hydro-lhionic acid, 158 
Hydroxanthic acid, 204 
Hydroxanthates , 205 
Hydro Mincic gas, 308 
Hygrometer , 146 

Hyper-oxymuriates. Bee Chlorates, 
Hyposulphites , 157 
Hypo-sulphurous acid, 156 


Hypo-sulphuric , 157 
Hypo-nitrous acid, 124 

I. 


Jee, 111 

quantity of caloric absorbed in the 
liquefaction of, 39 
thawing, its tt mperature uniformly 
the same, 39 
lighter than water, 37 
Inchy cubic, of water. 111 
JndigOy 479 

analysis of, 479 

value of how found, 480, note, 
Jndigogency 482 
Inky 512 

sympathetic, 344 
Integral molecules, 8 
Inuliny 474 
Iodatesy 98 

of ammonia, 138 
Iodic acid, 97 
Iodide of nitrogen, 132 
IodidtSy 75 

Iodiney discovery of, 96 
properties of, 97 
forms an acid gas with hydro* 
gen, 117 

Iodinty tulphuret of, 158 
phosphuret of, 170 
forms acids with oxygen, 97 
combines with nitrogen, 132 
forms acids with chlorine, 97 
nature of, 99 
sources of, 100 
starch a delicate test of, 100 
Ioduret of starch, 468 
lodous acid, 98 

Ipecacuanhay emetic principle of, 474 
Iridiumy 395 
Irony properties o£ 290 
oxides of, 290 
action of water on, 290 
chlorides, 293 
salts of, 293 
sulphate of, 296 
bi-persulphate of, 297 
sulphate of, 296 
nitrate of, 295 
muriate of, 294 
oxalate of, 507 
tanno-gallate of, 512 
phosphate of, 298 
acetate of, 542 
protocarbonate of, 299 
sulphuret of, ‘295 
bi-sulphuret of, 296 
combination of carbon with, 298 
cast, or crude, 302 
tinning of, 301 
tests of, 301 
hinglassy 563 
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Ittria. See Yttria . 

Ivory, 569 

method of covering with silver, 
404 


J. 

Jetty, animal. See Gelatin*. 
▼eg ©table, 562 

K. 


JTermee mineral, 336 
Kinie acid, 514 
jfoumt#/, 553 


Laboratory , portable, 444 
£acte acid, 492 
Lactic acid, 553 
Lake*, how obtained, 482 
Lamp , safety, 195 
Lamp-black , 174 
Lardy 565 

Latent heat. See Caloric . 

Lead, molybdate of, 370 

method of purifying, 326 
properties nf, 327 
oxides of, 527 
chloride of, 328 

purification of gold and silTer 
by, 408, 415 

danger of keeping water in, 327 

sulphate of, 330 

nitrate of, 329 

sub-nitrate of, 329 

chloride of, 328 

chromate of, 371 

carbonate of, 331 

acetate of, 543 

. its use as a test, 544 
bin>acetate of, 543 
sulphite of, 330 „ 

alloys of, 331 
arseniate of, 361 
tests of, 330 
.phosphate of, 331 
sulphuret of, 329 
gummate, 462 
saccharate of, 464 
amylate of, 469 
tannate of, 477 

method of detecting, in wine, 
330 

Leaf-gold, 409 
Leather, 564 

Lemonty acid of. See Citric Acid . 
Leucinty 564 

Libaviue, fuming liquor of, 31 1 
Lifcy supported by oxygen gas, 84 
Ligamentiy 564 

75 


Lighty optical and chemical effects of, 
49 

Lignin, 475 

starcbj, 469 
Limey borate of, 263 

properties of, 254 
hydrate of, 255 
milk or cream of, 255 
carbonate of, 261 
sulphate of, 259 
sulphite of, 258 
sulphuret of, 258 
chloride of, 256 
subchloride of, 257 
assay of, 257, note* 
fluate of, 263 
hyposulphite, 258 
nitrate of, 257 
muriate of, 256 

cold produced by, 256 
oxymuriate, (sub-chloride) of, 
257 

chlorate of, 25 7 
phosphate of, 261 
phosphuret of, 260 
tungstate of, 376 
oxalate of, 507 
citrate of, 509 
acetate of, 541 
stone, 254 
water, 255 
Liquefaction , 39 

of gases, 576 

Liquid », expansion of, by heal, 23 

manner in which they copduct 
heat, 36 

give out heat, on becoming 
solids, 42 

Lithia or LUhina , discovery of, 251 
how obtained, 251 
distinguished from 
other alkalies, 253 
muriate, 252 
phosphate, 253 
carbonate of, 253 
nitrate of, 252, note • 
sulphate of, 253 

Lithium , 251 

chloride of, 252 
Litmuiy 525 

its use as a test, 525 
Liter of antimony, 336 
Logometric scale, 20 
Logwood, 519 
Luna cornea, 401 
Lunar caustic, 403 
Lupulin , 520 
Lymph, 554 

M.' 

Madder , 515 

lake from, 482 
Magitlery of bismuth, 341 
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Magnesia, 276 

properties of, 278 
hydrate of, 279 
bate of, 278 
carbonate of, 28S 
chloride, 279 

carbonate of, and fotassa, 
283 

amaionio-phosphate, 281 
snlpbate of, and Potassa, 
282, note, 
sulphate of, 280 

mode of ascer- 
taining its pu- 
rity, 281 
sulphite of, 280 
nitrate of, 279 
oxalate of, 507 
acetate of, 542, note . 
tests of salts of, 283 
Magnesium, 278 
Magnetism t electro, 65 
Malic acid, methods of obtaining, 509 
properties of, 510 
the same with the sorbic 
acid, 510 
Malleability , 211 
Maltha , 498 

Malting , converts starch into sugar, 467 
Manganesty method of obtaining, 285 
oxides of, 285 
action of muriatic acid on, 
287 

•alts of, 289 

compound of its oxide 
with potassa gives dif- 
ferent colours with wa- 
ter, 287 

sulphate of, 288 
Mangantsiates, 287 
Manna , 465 
Marble , 254 
MargariHc acid, 566 
Massicot , 327 

Matehes for procuring instantaneous 
light, 229 note . 

Mechanical division, influence of, on 
affinity or solution. It 
pressure. See Pressure . 
MtduUin, 476 
Melasses , 463 
Mellite , 499 
Mellitie acid, 499 
Membranes , 564 
Menaehanitey 350 
Mercurial trough, Newman's, 79 
Mercury , congelation of, 383, 41 
apparatus for, 41 
combination of, with potassi- 
um, 394 

its specific gravity increased 
by congelation, 383 
volatilisation of, 382 
oxides of, 383 


Mercury , oxides of, methods of aseeo- 
taining the* pud 
ty of, 383 
chlorides, 384 
sulphate of, 392 
nitrate of, 339 
subpernitrate of, 389 
per-nitrate of, 9 
oyanide of, 393 
fulminating, 390 
submuriate of, 384 
action of chlorine on, 386 
alloys of, 394 
sulphurets of, 391 

Metals, their comparative power of con- 
ducting heat, 35 
of reflecting heat, 209 
fused and ignited by electricity 
and galvanism, 62 
enumeration of, 208 
classification of, 209 
general properties of, 209 
expansibility of by h&at, 22 
specific gravities, 210 
order in which they reflect light 
and heat, 209 

comparative tenacity of. 212 
chemical properties of, 213. 
oxidation of, 214 
method of calculating the oxy- 
gen acquired by, 217 
proportion of oxygen necessary 
for the solution of, 214 
different stages of oxidation of^ 
76 

gotion of hydrogen, 216 
water, 216 
nitric acid, 216 
• Of sulphur, 217 

sulphuretted hy- 
drogen, 218 
cblonoe, 215 
iodine, 215 
phosphorus, 218 
carbon, 219 

alloys of, 218 
amalgams, 218 

their qualities altered in alloys. 
220 

malleable, 21 1 
tenacity of several, 212 
Meteoric stones, all contain iron alloy- 
ed with nickel, 290 
Microcosmic salt, 458 
Milk, description and properties o& 
551 

vinous fermentation of, 553 
su^ar of, 552 
acid of, 552 

Mindererus's spirit, 541 
MintraUy general directions for the ex- 
amination of, 438 
Mineral pitch, 498 
Mineral waters, analysis of, 444 
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Mineral waters, examination of, by re- 
agents, 445 
substances that may 
be expeoted in, and 
means of detecting, 
446 

Dr Murray's formula 
for the analysis of, 
453 

Minium , 327 
Molecule , integrant, 8 
Molybdate of potassa, 370 
of lead, 370 
of soda, 370 
Molybdenum, ore of, 368 

mode of obtaining, 368 
properties of, 368 
oxides of, 363 

Molybdie acid, inode of obtaining, 
368 

properties of, 360 
Molybdous acid, 368 
Mordaunty what, 478 
Moroxylic acid, 513 
Morphia or Morphine, 405 

how procured, 
495 

its properties, 
495 

Mucilage, 461 
Mucous acid, 462 
Mucic acid, 552 
Mucus, 554 
Mulberry calculi, 661 
Multiples , law of combination in sim- 
ple, 18 

Muriate of ammonia, 136 
baryta, 269 
bismuth, 341 
copper, 319 
iron, 294 
lead, 328 
lime, 256 
magnesia, 279 
meroury, 384 
potassa, 228 
silver, 401 
soda, 245 
strontia, 276 
tin, 311 
sine, 306 

Muriates, hyperoxygenised. See Chlo- 
rides. 

Muriatic acid, synthesis of, 1 13 

process for preparing, 
114 

its properties, 114 
gas, mode of obtaining, 
114 

' its attraction for 
water, 1 15 
becomes liqii id un- 
der pressure, 57 9 
ether, 538 


Murray Dr, formula for analysis of min- 
eral waters, 453 
Muscle, converted into fat, 547 
component parts of, 564 
Muscovado sugar, 463 
Mushrooms, peculiar substance extract* 
ed from, 526 

Musical sounds, from burning hydro- 
gen gas under a tube, 105 
Myrica cerifera , berries of, contaiu wax, 
486 

Myricin , 485 
Myrtle-wax, 485 

N. 

Naphtha , 498 
Naphthaline, 580 
Narcotic principle, 495 
Neutralisation, 10 
Ntckel, method oi purifying, 378 
properties of, 3'* 9 
chlorides of, 379 
iodide of, 380 
sulphuret of, 380 
sulphate of, 380 
carbonate of, 381 
how to detect small quantities 
of, 382 

amniate of, 381 
alloyed with iron in all me* 
teoric stones, 381 
Nicolin , 474 
Nitrate of ammonia, 138 
baryta, 170 
bismuth, 341 
cobalt, 344 
copper, 320 
iron, 295 
lead, 329 
lime, 257 
magnesia, 279 
mercury, 389 
potassa, 231 
silver, 402 
soda, 247 
strontia, 276 
tin, 31 3 
zinc, 307 

Nitre . See Potassa , nitrate of. 

Nitric acid, composition of, 127 
properties of, 128 
process for preparing, 126 
purification of, 127 
effect of light, 129 
uses, 129 

proportion of real or dry 
nitric acid in 100 parts 
of the liquid acid, 128 
representative number of, 
128 

ether, 537 
oxide, 122 
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Nitricum, supposed base of nitrogen* 
120 

Nitrogen gat, 119 

how procured, 1 19 
its properties, 119 
weight of, 120 
with iodine, 132 
composition of, 120 
compounds of oxygen 
with, 120 

combines with chlorine, 
131 

gaseous oxide of* See N i- 
trotu Oxide • 

Nitro-Uucic acid, 665 
Nilro-muriatic acid, 130 
Nitro-svlphuric acid, 406 
Nitro-sacch arine acid, 563 
Nitrous acid, 125 

formation of, 125 
composition of, 127 
gas, 123 

properties of, 123 
applied to audiometry, 144 
decomposition of, 1& 
oxide, 120 

quantity absorbed by 
water, 121 

mode of obtaining, 120 
properties, 121 
effects of respiring it, 
121 

Nitrumjlammans, 139 
Nucleus of crystals, 7 


O. 


Oil, Dippel’s animal, 546 

of vitriol. See Sulphuric Acid . 
of wine, 536 
gas, 193 

olive, method of ascertaining its 
purity, 486 
Oil#, animal, 565 

fixed, how obtained, 486 

with alkalies form soap, 487 
rendered dryiog by metallic 
oxides, 487 

spontaneous combustion of, 
488 

volatile, or essential, 489 

action of acids on, 489 
mode of detecting their 
adulteration, 489 

Olefiant gas, method of procuring, 197 
properties of, 190 
action of chlorine on, 197 
Oleic acid, 566 

Onton, juice of, contains sugar, 525 
Opium^ 494 

Organic and inorganic compounds, dis- 
tinction between, 454 


Orpiment, 365 
Osmtusome, 564 
Osmium, 395 

oxide of, 395 
Oxalate of ammonia, 506 
baryta, 607 
lime, 507 

calculi, 561 
potassa, 506 
strontia, 507 

Oxalic acid, use of, as a test, 506 

mode of obtaining, 604 
properties of, 505 
composition of, 505 
found native in vegeta- 
bles, 504* note. 
a poison, when taken in- 
ternally, 505 

Oxidation, 75 

different stages of^ 75 
Oxide, cystic, 561 
xanthic, 562 

Oxides , how produced, 213 

their solubility proportionate 
to their oxygen, 214 
nomenclature of, 76 
bydrosulphuretted, 218 
Oxygen, not the sole principle of acidi- 
ty, 88 

compounds of combustible 
bases with, 88 

quantity of combined with 
metals infiuenoes the action 
of acids, 214 

proportion necessary for the 
solution of different me tab, 
214 
gas, 83 

procured from various 
substances, 84 
its properties* 84 
weight of, 84 
diminished in combus- 
tion, 86 

absorbed by bodies burn- 
ed, 86 

its union produces an ox- 
ide, an acid, or an 
alkali, 88 

supports animal life, 84 
unequal quantity of neces- 
sary to different ani- 
mals, 573 

apparently absorbed by 
the blood, 84 
with hydrogen forms wa- 
ter, 07 

combination of nitrogen 
with, 120 

compounds of chlorine 
with, 91 

Oxyiodes, 98 
Oxiodic acid, 97 
Oxyiodine, 98 
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Oxymuriatic acid. See Chlorine 
Gxymuriates . See Chlorides, 91 
% 

P. 

9 

Palladium, 397 

oxides of, 397 
sulphuret of, 397 
Pancreatic juice, 555 
Paper , dark blue, round sugar loaves, 
as a test, 505 
Pearls, 568 
Peeiie acid, 499 

bow obtained, 500 
properties of, 500 
Pearlash, 238 

method of ascertaining the 
real quantity of alkali in, 
240 

PtarUwhile, 341 
Peat , 499 
Pechblende , 346 
Perchloric acid, 95 
Peroxides , 76 
Perspiration , fluid of, 573 
Petroleum , 498 
Pewter , 314 
Phlogiston , 87 
Phosgene gas, 177 
Phosphate of iron, 298 
soda, 248 
lead, 331 

ammonia, 166, 169 
baryta, 274 
lime, 261 

oalculus, 560 
silver, 406 
Phosphalic acid 168 
Phosphori , solar, 56 
Phosphoric acid, 166 

method of preparing, 
166 

glacial, 167 
properties of, 167 
ether, 533 
Phosphorous acid, 165 

properties of, 165 
Phosphorus, its character, 162, 165 

compounds with phos- 
phorus and oxygen, 
165 

with iodine, 170 
mode of obtaining, 163 
Baldwin's, 56 
Canton’s, 56 
solution of, in ether, 164 
its combination with chlo- 
rine, 169 
with sulphur, 172 
combines with metals, 
218 

Bolognianf 56 
Uoaberg*s, 256 


Phosphuret, of carbon, 204 

copper, 323, note . 
gold, 413 
lime,. 260 
potassium, 237 

sulphur, 172 \ 

Phosphurets, metallic, 218 
Phosphuretled hydrogen gas, prepara- 
tion of, 171 
Photometer, 55 
Pieromel , 554 
Ptcro toxin, 473 
Pinchbeck, 325 
Pitch, mineral, 498 
Pit*coal , 498 
Plaster of Paris, 259 
Plasters, 488 
Platinum, 416 

properties of, 416 
oxides of, 417 
test of, 420 
spongy, 418 

action on hydrogen and oxy- 
gen gases, 418 
chloride of, 418 
aulphuret of, 420 
sulphate of, 420 
muriate of as a lest, 420 
ethereal, solution of, 533 
alloys of, 421 
fulminating, 420 
a slow conductor of caloric* 

417 

arainonio-muriate of, 418 
Plumbago , 298 

composition of, 298 
Plumber's solder, 331 
Pneumalo-chemical trough, 77 
Polarisation of light, 52 

calorific rays, 54 
Pollenin, 521 
Polychroite, 473 
Potassa, preparation of, 227 
properties of, 228 
hydrated, 227 
component parts of, 227 
sub-carbonate of, 238 

method of ob- 
taining, 238 
bi-carbonate o£ 241 

its use as a 
test, 238 

chlorate of, 228 
binarseniate of, 360 
columbate of, 377 
aurate of, 41 1 

mode of ascertaining its puri- 
ty, 239 

sulphate of, 235 
bi^ulpbate of, 236 
sulphite of, 235 
bydro-enlphuret of, 234 
bydrogureted sulphuret of, 

235 
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Potassa, nitrate of, 231 
nitrite of, 232 
muriate of, 228 
chlorate or hyper-oxymuriate 
of, 228 

anenite of, 359 
molybdate of, 370 
oxalate of, 606 
bin-oxalate of, 506 
quadroxalate of, 60$ 
citrate of, 509 
tartrate of, 501 
bi-tartrate of, 502 
acetate of, 541 
ferrocyanate of, 300 
chromate of, 371 
sulphate of alumina, and, 431 
perchlorate of, 231 
iodate of, 231 
bydriodate of, 231 
phosphate of, 237 
subphosphate, 237 
P *Uuk of commerce, 239 

method of ascer- 
taining the real 
quantity of al- 
kali in, 240 

detection of adulteration of, 
239 

Potassium , 222 

mode of procuring, 224 
its properties, 226 
oxides of, 226 
its action on water, 226 
chloride of, 228 
hydruret of, 231 
phosphuret of, 237 
•ulphuret of, 234 
alloys of, 242 
alloy of telloriuRk with, 354 
Potassiureied hydrogen gas, 231 
Potato , analysis of, 466 
Precipitate per se, red, 383 
Precipitates, apparatus for drying, 46, 
note. 

Percipitation , 13 

jars for, viii 

Pressure, influence on boiling point and 
formation of vapour, 43 
Primitive forms, 7 
Printers' types, 339 
Proportions in which bodies combine, 
16 

generally definite, 16 
multiplies of eaoh other, 
17 

in volumes, 19 
Proto-chloride* , 215 
Protoxides , 214 

Prussian blue, method of preparing, 
299 

Prussiate of, potasea, triple, 900 
Pyussic acid, mode of obtaining, 200 
Purple powder of Cassius, 412 


Purpuric acid, 597 
Pus, 555 
Putrefaction , 546 

resisled by charcoal, 174 
retarded carbonic 

acid, 647 
Pyrites, iron, 296 

copper, 322 
Pyroligneous acid, 941 
Pyrometer , 22 

ttantefr, 23, note. 
Pyromucous acid, 462 
Pyrophorus , Homberg’a, 438 




Quadrossmlato of poteasa, 506 
Quicksilver. See Mcreuxy. 
Quills, 565 
Quinia, 517 


1 L 


Radiant heat, 31 
Rays , lominons, 54 
deoxidizing, 54 
beating, 54 
Re-agents, 438 
Realgar , 365 
Red-lead, 327 

Regain* martial of antimony, 339 
Rennet , 551 
Resins, vegetable, 491 
analysis of, 492 
Respiration, 572 

produces carbonic acid, 
672 

effect of, on the blood, 
573 

Rete mucosum, 562 
ReltnasphaUum, 498 
Rheum palmatum, 516 
Rhodium , 396 

alloys of, 397 
oxides of, 397 
Rochelle salt, 503 
Rouge, 521 


S. 


Saceharate of lead, 464 
Saccholalts , 553 
Saclaclic acid, 552 

Safety-lamp, construction of Sir H. 
Davy’s, 195 

principle of its operation, 
57 

Safflower, 521 
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So#*, 469 

Sal ammoniac. See Ammonia, muri- 
ate of. 

Sal pruuelle, 232 
Saltra, 565 

component part* of, 555 
Salop, 469 

Sally common. See Soda , muriate of. 
of sorrel. See Oxalic Acid. 
petre. See Potassa, nitrate of. 
spirit of. See Muriatic Acid. 
Salts, 88 

insoluble, disunited by Galvan- 
ism, 68 
neutral, 20 
Sand in urine, 560 
SarcocolU 474 
Saturaliony 4 
Scale of equivalents, 20 
Scales of fish. 563 

Scai let y solution of tin used in dyeing, 
312 

Sedatice salt. See Bernese Acid. 

Sev'netU'o salt, 503 

Seleniates , 356 

Selentc acid, 356 

Selenium, 355 

Selenureted hydrogen, 859 

Separator , 533 

Seronty, 549 

Serum, 548 

Stsyui-carbonate of soda, 260 

S/ietfs, 567 

&/tca, attempts to decompose, 422 
method of obtaining, 426 
properties of, 427 
affinities for other earths, 427 
Silicated alkali, 427 

fluoric gas, 428 
Silici fluoric acid, 428 
StUexum, 422 

bydruret of, 422 

how obtained, 422 
properties of, 423 
action of potaesa, 
on, 423 

aulphuret of, 424 
action of chlorine 
on, 424 
of potassium, 
425 

alloys of, 425 
oxidation of, 425 
oxide of, 426 
Silver, properties of, 398 
tarnishing of, 399 
oxide of, 399 
chloride of, 401 
chlorate of, 402 
sulphate of, 405 
nitrate of, 402 

its use as a test, 404 
acetate of, 544 
nitrite, 404 


Stiver, purification of, 398 
horn, 401 

fulminating compounds of, 400 
solvents of, 398, >06 
phosphate of, 406 

alloys of, 407 
standard, 407 
sulphuret of, 405 
assay of, 408 
Ssmihr, 325 
Site, 563 
Skin, 662 
Smalt, 346 

Smells, destroyed by charcoal, 174 
Soap, 487 

dissolved iu alcohol, as a test, 
488 

transparent, 488 

Soda, preparation of. See PoIoucl 
properties of, 245 
how distinguished from potassa, 
245 

component parts of, 246 
bi-carbonate of, 250 
carbonate of, 249 
arseniate of, 361 
sulphate of, 248 
bi-sulphate, 248 
sulphite of, 247 
nitrate of, 247 
chlorate of, 247 
phosphate of, 248 
sub-borate of, 260 
iodate of, 247 
citrate of, 509 
acetate of, 641 
tartrate of, 502 
Sodium, 244 

ahloride of, 245 

decomposed by ear; 
bonate of potass% 
246 

iodide of, 247 
properties of, 244 
oxides of, 245 
amalgam of, 251 
Solar phosphori, 56 
Solders, 331 

Solids, expansion of, by beat, 22 

absorb heat in becoming liquid, 
39 

Solution defined, 4 

effects of minute division of 
bodies on, 12 

generally produces cold, 39 
Sorbic acid. See Malic Acid. 

Sorrel , salt of. See Oxalic Acid. 

Spar , calcareous, 262 
Specific gravity. See Gravity sped- 
Jit. 

caloric. See Caloric. 
Speculum metal, 325 
Spectrum , solar, beat and light of, 54 
SptUre, 306 
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Spermaceti , 566 
Spirit , proof, 530 
of wine, 528 
Stannic acid, 313 

Starch , a delicate test of iodine, 466 

converted into sugar in the 
process of malting, 467 
mode of obtaining, 466 
properties o£ 466 
method of converting it into 
sugar, 468 

analysis of, 468 * 

Starchy lignin, 469 

Steam . See Vapour , latent heat of, 45 
is invisible, 47 

applicable to the purpose of 
heating bodies, 46 
Stearine , 565 

Steel, a compound of iron and carbon, 
302 

cast, 303 
new alloys of, 304 
Stibic acid, 335 
Stibiout acid, 335 
Still, common, 110 
Stoner, analysis of, 438 
Sironlia , properties of, 275 
carbonate of, 277 
sulphate of, 276 
nitrate of, 276 
muriate of, 276 
chlorate of, 276 
oxalate of, 507 
acetate of, 542, note. 
Strontium, 275 

chloride of, 275 
Strychnia, 496 
Subborate of soda, 250 
Subcarbonale of ammonia, 186 
potassa, 238 
soda, 249 

Subchloride of lead, 328 
Suber, 475 
Suberic acid, 475 
Sublimate, corrosive. 386 
Submuriate of copper, 320 
mercury, 384 
Subnitrate of lead, 329 
Sub-sulphate of copper, 323 
mercury, 392 

Succinates, 493 
Succimc acid, 498 
Sugar, 463 

preparation of, 463 
obtained from several vegeta* 
bles, 463 
from grapes, 464 
equivalent of 9 465 
properties of, 464 
component parts of, 465 
starch convertible into, 468 
renders nitrous acid a solvent 
of manganese, 288 
animal, 464 


Sugar, of lead, 543 
of milk, 552 

Sulphate of alumina, 432 
ammonia, 158 
ammonia and magnesia, 
281 

baryta, 271 
bismuth, 342 
copper, 323 
iron, 296 
lead, 330 
lime, 259 
lithia, 253 
magnesia, 286 
mercuiy, 392 
potassa, 235 
silver, 405 
4 soda, 248 
. strontia, 276 
tin, 314 
sine, 307 

Sulphite of ammonia, 150, 
baryta, 271 
lime, 258 
magnesia, 280 
potassa, 235 
soda, 247 
copper, 322 
lead, 330 

Sulphites, sulphuretted, 156 

Sulphur, purity of, 148 

properties of, 146 
contains hydrogen, 147 
oxygen, 147 
combustion of, 148 
alcohol of, 202 
iodate of, 158 

combination of chlorine with, 
158 

phosphuret of, 172 
combination of me tab with, 
217 

milk of, 147 

Sulphuret of potassium, 234 

•odium, 247, note. 
lime, 258 
carbon, 202 
iodine, 158 
gold, 413 
silver, 405 
mercury, 391 
palladium, 397 
copper, 322 
iron, 295 
nickel, 380 
tin, 313 . 
lead, 329 
sine, 307 
bismuth, 341 
antimony, 335 
arsenic, 364 
cobalt, 345, note. 
manganese, 288 
molybdenum, 370 
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Sulphur els, metallic, 217 
Sulphuretted hydrogen, 158 

with metals, 218 
test of lead, 330 
test of arsenic, 
367 

gas, quantity of 
absorbed by 
water, 159 
gas, modes of 
procuring, 159 
properties of, 
159 

with alkalies and 
earths forms 
bydrosulphu- 
rets, 161 
liquefaction of, 
576 

sulphites, 156 
Sulphuric acid, 150 

component parts of, 
151 

> purification of, 155 
decomposition of, 155 
manufacture of, 
theory, 153 
use of, 155 
method of ascertaining 
the strength of, 152 
glacial, 156 

quantity of, in acid of 
different densities, 
how ascertained, 152 
native, 156 
ether, 531 

Sulphurous acid, formation of, 148 

component parts of, 
149 

convertible into sul- 
phuric acid, 149 
liquefaction of, 575 

Sumach , 483 

Sun beams, consist of three kinds of 
rays, 54 

Super-oxalate of potassa, 506 
Super-sulphuretted hydrogen, 161 
Super-tartrate of potassa, 502 

a flux, 502 

Sympathetic inks. See Inks . 

Synovia , 555 
Synthesis , 20 

T. 

Tallow , 565 
Tan, from galls, 476 
properties of, 477 
action on gelatine, 477 
quantity afforded by different 
br rk», 477, note. 
artificial formation of, 477, 478 
Tannate of lead, 477 
Tannin 476 
Tanno -gelatine, 477 

76 


Tantalum, the same with columbium, 
376 

Tapioca , 469 
Tar, mineral, 498 
Tartar, cream of, 502 

emetic. See Antimony , tar* 
tarized 

soluble. See Potassa , tartrate 
of 

vitriolated. See Potassa , sul- 
phate of 

Tartaric acid, mode of obtaining, 500 
properties of, 501 
analysis of, 501 
Tartrate of potassa, 501 

and soda, 503 

Tears, 555 
Teeth, 569 
Telluraies, 354 
Tellureted hydrogen gas, 355 
Tellurium, 353 

acidifiable, 354 
hydruret of, 354 
compound of hydrogen 
with, 354 

action of nitric acid on, 354 
of chlorine, 354 

Tempera^ire, change of, produced by 
chemical union, 12 
influence of, on chemical 
affinity, 12 
what, 39, 49 
method of ascertaining, 
28 

change of, produced by 
solution, 39 

Tempering , 304 

Tenacity of different metals, 212 
Tendons, 564 
Tests , 444 
Thermometer , 26 

its construction, 26 
rules for reducing gases 
to a mean height of 
the, 82, no/e. 
differential, 29 
Wollaston’*, for measur- 
ing heights, 43 

Thermometers , various, correspondence 
between, 27 

Thoracic duct, fluid in the, 571 
Thorina , 437 

how prepared, 437 
properties of, 437 
in what respects it differs from 
other earths, 438 
a phosphate of yttria, 438, 
note. 

Tm, chloride of, 311 ■ 

precipitation of gold by, 412 
muriate of, test of mercury, 312 
• properties of, 310 
oxides of, 310 
amalgam of, 311 
sulphate of, 314 
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Tin, art. niste of, 361 
nitrate of, 313 
muriate of, 311 
nitro-muriate of, 31! 
ac. fate of, 542 
tartrate of, 503, note • 

•ulphuret of, 313 
alloys of, 314 
areeniate of, 361 
TintaU 250 
Titanium , 349 

metallic, 349 
Titanic acid, 350 
Tombac , 325 
Treacle , 463 
Triple calculus, 561 
Tu6e, dropping, 445 
Tulipt * singular substance from the 
pollen of, 521 
Tungstate of lime, 373 

of ammonia, 375 
Tungsten , characters of, i73 
analysis of, 375 
sulphuret of, 375 
chloride of, 374 
oxide* of, 374 

Tungstic acid, mode of obtaining, 374 
properties of, 374 
Turpeth mineral, 392 
Turf, 499 
Turmeric , 515 
Turpentine , oil of, 491 

converted into a kind of 
camphor, 491 

Tutenag, 325 
Type-metal, 339 

U. 

Ulmin , 472 
Uranium , 346 
t/rale of ammonia, 561 
Urea , method of obtaining, 558 
properties of, 559 
elements of, 559 
Uric acid, 557 i 

calculus, 560 

Urine , sugar found in, 560 
gravel in, 560 
calculi in, 560 
distillation of, 557 
substances in, 556 
changes of, in diseases, 559 

V. 

Vacuum, radiation in, 32 
boiling in, 43 
evaporation in, 48 
Vapour, caloric the cause of, 22 ' 

influence of pressure on, 47 
Vapours , latent beat of, 45 , 

Varnishes, 494 
Vegetable acids. See Acids 
extract, 472 


Vegetable jelly, 463 

substances, 454 
analysis of, 455 

Vegetables , growth of, affected by car- 
bonic acid, 184 
proximate principles of, 454 
general laws respecting the 
composition of, 460 
acids found native in, 499 
filed oils obtained from, 486 
Verdigris, 542 
Verdtler, 324 
Vermillion , 391 
Vinegar , 539 

distilled. See Acetous Add 
Vinous fermentation, 526 
Vitriol, blue. See Copper, sulphate oil 
323 

green. See Iron, sulphate of 
white. See Ztnc, sulphate of 
Volta*s eudiometer, 142 
pile, 63 

Volumes , theory of combination by, 19 

W. 

Wad, black, 286 

Water, supposed not to conduct beat, 

38 

is a slow conductor, 38 
composition of, 107 
proportion of the elements of, 
107 

analysis of, 108, 109 
properties and effects of. Ill 
contains air, 1 1 1 
quantities of gases absorbed by, 
112 

contained in the atmosphere in 
the driest weather, 145 
analysis by galvanism, 110 

by living vegetables, 
110 

foreign substances in, 
110 

compressible, 111 
oxygenated, 111, 267 
change of temperature produced 
by solution of bodies, 39 
expands by cold, 37 
decomposed by galvanism, 1 10 
apparatus for showing the com- 
position of, 108 

apparatus for showing the de- 
composition of, 109 
danger of leaden vessels for,327 
Waters , mineral. See Mineral Waters 
Wax , 484 

Weights , absolute, of gases, 82, note • 
Welding , 416, note. 

Wtllhtr's tube of safety, 91, note. 
Whey, 552 

White, bow produced on a black 
ground in calico printing. 484 
lead, 321 
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White flux, 232 

Wine* tests of the presence of lead in, 
330 

oil of, 636 

Wires, tenacity of, 212 
Wolfram, 373 

Wollaston* s theory of crystals, 8 
Woody quantity of charcoal afforded 
by different kinds of, 174 
Woody fibre, 476 
Wool, 565 

Wouife's apparatus, 90, note. 

Wools , 303 

X. 

Xanthic oxide, 662 

T. 

Yellow , mineral, or patent, 328 
dyes, 483 
Yttria, 436 

method of obtaining, 436 
its properties, 436 
precipitated by prussiates, 436 
Yttrium, 436 

phosphate of, 436 


Z. 

Zaffre , 346 
Zeiiu % 524 
Zimome , 471 
Zinc, 305 

alloys of, 309 
arseniate of, 361 
acetate of, 542 
purification of, 305 
properties of, 305 
chloride of, 306 
iodate of, 307 
oxide of, 305 

solution of, in hydrogen gas, 308, 
note. 

sulphate of, 307 
nitrate of, 307 
muriate of, 306 
sulphuret of, 307 
phosphuret of, 308 
carbonate of, 308 1 

Zirtonia , method of obtaining, 433 
its properties, 434 
Zirconium , 433 
Zumic acid, 514 
Zoophytes, 568 
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